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i for storage and/or transport. Other apparatus include an * ^fcrably after hypothermic organ flushing 

f for organ transport and/or storage. The method can be practiced *™P" me organ with a med cal 

I San. C" viability is restored hy restoring highe^ ln perfusion, 

5 nuid sod. as an oxygeneted cross-linked hemoglobin-based m c „ d of lubuing place d in the organ by a pneu- 

3 having^ low W » ™M «*» E^^L-bX™*"* P™""" 1 ' ™™" > "'' 8 
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VIABILITY OF ORGANS 

are hereby incorporated by reference. 

1 Figldoflnyentipn 

orgmst omo„i,or,— a.l/or^refteviab^oftteo^and/orfo, 
unsporting and/or storing the organ(s). 

2 Dcscrir^on^fRel^dArt 

' ^onofo^by^perftaio^beenacco^edat 

^rond^owapp— 
aUobsen reported to taproveteouKomeof.aclteperte.on. 



PCT/US01/26591 



WO 02/26034 



configurations have been utilized 

• «»1 See for example, U.S. Patents Nos. 5,338,662 and W% 

r i, + 1 • TT S PatentNo. 5,051,352 to Martmdale et al.; U.S. Patent 

itself by dilating its vasculature under high pressure. 

U^^e^uesusedfor^tofu.^of^ 



^damage, K^.*.*^^^^*-*"-* 



PCT/US01/26591 

WO 02/26034 

rrranspll997Daemen). 

Th.priorar.has^addr^theneedtor^reo. — ano^ns 

p^o.og.caato^ooatepreservadooforan^dedp.riodoftme.. 

P , ^ w IIS PatentNo 5,066,578 to Wikrnan- 

hypotherrric temperatures. In particular, U.S. Patera No. , , 

py^va*. W^CoffeU^^floo^ofu.orgarr^P^^ 
v „«, tP^rhe-s nerfusing or washing an 



20 



25 



phosphorylation producing ,t^-~ ~ 

flo.arrd.oad^^^anen^^in^foroofac.earr— .name., 

Jurnover.oadanaaddosUasweUa.he.pspreserveuieac.onpo^acro^ 
c eUmembraae.T te o,gani S tope^wi fl .a S cco n dp eI ftsio,. S ol« n on 

^«^li-1^^« taM '-* !l,,,, •" -,, " ,,,l,,- 

st oredinalarg e v„toeof te&S . 8 o 1 u tt onfor24h„ur S or longer attempmtoes 

between 4°C and 10°C. 

However the mitochondria arete source of energy in cells and need 

^cantamountsofoxygentonmction. Organ, natural* have significant pyruva* 

provitodwithsufflcientoxygentofunenon Further, briefly flooding an organ with 
pyrnvatenw.mt^iMit^tearingoff of the vascular endomehal lining of the 

30 organ. 

U S Patent No. 5,599,659 to Brasile et al. also discloses a preservation 
Bra sUeetaJ. teaches dis^dvanagesof cold organ storage, and proposes warm 
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anentancedabffi^.o.erveasamedi^forfhecui^eofvascular^otol.umof 
tissue, and as a rite for organs for transplantation using a warm preservafon 
5 eo^traceelementstopo^uateviatmtyandoeUularfa^p^and 

insulin and sugars for metabolic support and glutathione to scavenge toxrc free 
radicals as weUasasourceoftapenneaut; cyclodextrin asasource of impermeaot, 
scavenger and potentiator of cell attachment and growth factors; a high Mg++ 
,0 concentndonfornncrovesse^ 

hemostasis; andENDO GRO™ as a source of cooloid, unpermeant and specific 
vascnlargrowm promoters. Brasileetal. further teaches warm perfusing an organ for 
up«ol2hoursat 30°C, or merely storing the organ at temperatures of 25°C m the 
15 preservation solution. 

However, flooding an organ with such chemicals is insufficient to arrest or 
repair ischemic injury where me mitochondria are not provided with sufficient oxygen 
to function to produce energy. The oxygen needs of an organ at more than 20°C are 
substantidandc^otbemetbya 
20 assessmentofthev^ 

solution can be determined to have been fruitful. 

WO 88/05261 to Owen discloses an organ perfusion system including an 
organ chamber that is sullied with an emulsion fluid or physiological electrolyte that 
istrar^portedlhroughaperfusionsystem. The chamber contains a synthetic sac to 
25 holdtheorgan. Perfusate enters the organ through a catheter inserted into an artery. 
The perfusate is provided by two independent fluid sources, each of which mcludes 
two reservoirs. 



_STTMM ARY OF THK INVENTION 
The present invention focuses on avoiding damage to an organ during 
perfusion whUe momtormg, sustairang and7or resto^ 
pieservmgmeorganforstorageandyortransport The invention is directed to an 

4 



PCTAJS01/26591 

WO 02/26034 

^^cf.^Mowedby^cor^^rage^oro.ganpertaona, 

h^.nmo^B.peram-fo^r.^/orsU.rageofteorgan. 

^^Hngofo^viabm^ybea^mpli.hedby— 
10 TOl eodde(e.g.,ad M os fa etfpho S pha«e(A 1T )).e^andenzy m elevel S i n *heo^ 

^o.gann.ybeflushed^a^ca.fluidpnortope^oo^.heox,^ 
15 ^ca.fluid.Suchper^o.canbeperf^eda.eite.oro.o.h^cor 

^^c^ca.dh^cp^io^^ca.fluidp^.y — 
Me or no oxygen and preferably includes rf-ttftW-WX* 

20 (SOD)).Non„othenrneand,„rhyP^ 

^.^h*.- — ^ SuchperftKionarresfc 

TtanoHnotennic^entispteferablyemployedafteranorgannasbe^ 

ZafterharvesUng.TTeu^nen 

canbeappUed to organs prior to cold storage and/or transport. 
tothenormc^ernncperftsionmode.grc^organperM 

^toeornbinanonwithasWtogmoWcam valve or pincb valve ^hichprovtdes 
for perfusion p^ssure fine toning, prevent, overpressurization and/or provrdes 
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emergencynowcut-oE JtoMM^**^^"' 

asaresultofas^rnammction. Substantially etoinating overp— ron 
Leingeneral. Viability of ft. organ may be stored, prefercbl, automat, 

excess a.d/o.ioa^caldumievehtate medical fluid ^basbeoapedu^ 
10 through the organ and collected. 

be organspecffic.ormaybeadapUble^variousoxga^.Ue index compete 

,j decUionsanddeciding^ertottansplantmeorgm The index may be 
automaticallygeneratedandprovidedtothepbysician. 

Normomermicperfusionmay be precededby and/or Mowed by hypothec 
perfusion. totohypK.^cmode.u.eo^isperfnsed^amedicalflu.d 

20 preferablybeaugmentedvrithantioxid^ 

^ovaloftoo.ganftomtedonor.Hy^tbermieperfusionreduc^ 

medical fluid is prefercbly fed inU, me organ b, pressure from an in^rmediary tank 

organfomteinKrmediaryU^ifappropriate. Alternatively, the organ may be 

proper pump control and/or sufficiently fiul-safe controllers to prevent 
30 overpressurizauonoftheorgr^es^ 

SubsU^tiaUyelinunatingoverpressurrzationprever^ 

* hvpotherraie temperatures when the organ has less ability to protect rtself b, 
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automaucauy, oCO LDH T/GST,Tt>rotein, lactate, glucose, base 

(p re ssure/flow)ar^orpH,pO*pCC>2,U)tl,i/ 

.cessaad/orio^cMdv.n^.s^e^fluidWhas^pe^ 
S through the organ and collected. 

Lrolpa^L Automatic perfusion may be based on sensed conditions in the 
10 prog ™edduringuse. Default values and viability checks axe ubtad. 

15 aatasuchasanorganviabUityinde, ™' ^ 'filers 

arenas ^ i ^~-^^ rf ^ - -* , * ^1,,,^, 

taaperfusionsvstem. Typically, me organ diagnostic apparatus is a simpufied 

^Igtheorgan. The organ cassettemay be configured to provide—d 

25 organdiagnosticapparatus. ^ ^ ^ tor 

The present invention also provides an organ u«u» v 

pe^vascuiaturesoftheliver. The organ transporter includes features of an organ 
perfusion W ^^^^^^'^- M ""~ 



interface features. 
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NetworicfoxOrganSb^g^d^ontedonorand^pient^^ 

and transplant outcomes. 

^ggrppyriPTtf.N OF THE DRAWfflSS 
r^-oteaspe^andadvan^of^mvennon^beoomeappa^ 

the accompanying drawings, in which: 

Fig. 1 is an organperfusionappamtus according to the invention; 
Fig. 2 is a schematic diagram of the apparatus of Fig. 1; 
15 Fig 3 is a diagram of the electronics of the apparatus of Fig. 1; 

Fig 4isan exploded view of a first pump module of a combined pump, 

fflt^oxygenation^^^ . 

Fi g .5is an exploded view of a mtration module of a combined pump, filtrahon, 

oxygenation and/or debubbler apparatus according to the invention; 
20 Fig 6i S anexplodedviewofanoxy g enanonmoduleofacombined P ump, 

filtration, oxygenation and/or debubbler apparatus according to the invention; 

Fig 7 isan exploded view of a debubbler module of a combined pump, 
filtmtior.oxygenationand/or debubbler apparatus according to the invention; 

Fig gisanexplodedviewofasecondpumpmcxluleofacombinedpump, 

25 fflt^or,oxvger*tionand/or^ 

Fig. 9 is an exploded perspective view showing the modules of Figs. 4-8 

assembled together; 

Fig io».fi«W^ 

filtration, oxygenation and/or debubbler apparatus ac«,rding to the invention; 
30 Figs. 11 A - 1 ID show side perspective views of various embodiments of an 

organ cassette according to the invention; 

Fig. 12 is a schematic diagram of an organ perfusion apparatus configured to 
simultaneously perfuse multiple organs; 
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Figs.nAandUBshowa^moW/oamvaiveacoordiBg^the 
^.HA-t^showano^s^S — valve according to *e 

according to the invention; 

10 "^Band.SAsho™ — e.ofan^o^acco^^e 

to the present invention; 
, 5 Fig JOshowsacnoss-seotionviewofano.BantiansporterofF.g. 19, 

Fig 21 showsablock diagram of an organtransporterof F.g. 19; 
Fig 22shov«or^onstate S ofanorgan t ran S poi<erofFig. 19; 
Hg^showsar.aiternauve m ss-sectionvie W of anorgantxansporterof F.g. 

^dorganlrar^lantsystemofthepmsentmvention; 

Figs. 25 and 25A show mow control of a perfusion pump accordrng to the 

present invention; . . 

Fig 26sho TO aUver F ^onappara«usacc 0 rd to g to mep rc sen,mvention, 

25 Fig.iVshowsaclose-upviewofaperistel.icpumpforuseinapern.s.on 
apparatus according to Fig. 26; 

present invention; . 
H,29showsape^veviewof a norga,evalu a tionn^ent 

30 an organ cUagDostic system according to Fig. 28; 

Fig. 30 shows an in-line person system for use in an organ ch^c 
system according to Fig. 28; and 



19; 

20 



9 
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Kg 31showsalogicc il o»i.S>ra n o^nd i agao S tio S y Ste maccorftog«.Fig. 

28 

FOT age n eral U ad^d i ngomefea^oftem™ 1 tioo,rafe re nc,i S m a de 

to designate like elements. 

Figure 1 shows an organ psrtaion apparatus 1 accordmg to the invents 
FignK 2 i sa S ch^cmus^onofiheappa I a te ofFig.l.Tl.eappa ra n B l K 

10 Tlemicropr^rlSOconn^ontothes^^ 

p^psomeappar^lUschen.ncaUyshowainHg.3. Microprocessor .50 and 

1 ^l W b.«»^l^»-«!«^ < ^ torfll, *" ,, * , , , 

area network or across the Internet, 
staultuneouslv.atbomno^om^^ 

norrnotnerroicandh^errmcperftsionrnodes). AU medical fluid contact surfaces 
^preferably formed of or coated murrna^abcomp^blc with fl>e medical flutd 
used, more preferably non-«m»nbogenic raattrials. AsshowninFig. 1, ft. apparatus 
20 .mcludesahousmgiwWchmoludesfentcover^wMchisprefaab!,^^ 
andareservoiraccessdoor3. Tne apparatus preferably has one or more control and 
display areas 5a, 5b, 5c, 5d for monitoring and controlling perfusion. 

As schematically shown in Fig. 2, enclosed within the housing 2 is a reservoir 
^wmchpreferablymcludestmeereservoir tanks 15a, 15b, 17. Two of the reservoir 

25 tanks 15a, iskm.t'W-'**'"********''* 1 " 1 *""*" 

pressure cuff 16a, 16b. A pressure source 20 can be provided for pressurizing the 
pressurecuffs 16a, 16b. Tie pressure »>urce 20 is preferably pneumatic and may be 

gas tabes 26,26a^6b, as shown in Fig. 2. Tne invention, however, is not limited to 

for example, a compressed gas (e.g., air, CO2, oxygen, nitrogen, etc.) tank (not shown) 
preferably with a uu* volume of 1.5 liters at 100 psi or greater for internal 
piesS urizauon. Alternatively, an internally pressurized reservoir tank (no. shown) 

10 
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ZiC— -* 

GV^ay^provi^.o^pr^^^ouffs^ One or both of gas 
valvesGVrandGV^bevent^tomeatmosphere. GasvalveOV.u. 

ven.anfrommereservon.anks .5a, Ift.hrougb.ubing «■ 18 ' l ^ ^ 

i^and/orZftmaybeccnfigared^filtersand/orcheckvdves.op.vcnt 

Ho.ogica.ma.enMs^en^gtetubtagorfemp^^^a.o^e 

fl^^ohcckva.ve.^ffl^maybeused.opreveotb.o.og.oa.n^nals 

ftom.eavingone organ ^^^^^^^ 
s^^organtaan.u.tipleo.ganperfusion^guratioo. The check valves 
^orffl.ersmaya.sobe^.op^tbio.ogica.ma.ena.s .svKhasbactenaand 
^, fo mbetag^e n ed fe ,morga nto o I ga 0 in S ubse qU entusesof te 
^onapp^usinu.eevent^^hbio.ogica. — remam m .he p— 
appa^afteruse. The check valves and7o, flHers prevent anamination probtems 
25 ^a^w.threfluxinuregasand/orven.Une, For example va,ves ma, be 
e^gured a, anti-reflux valves to prevent reflux. The third reservoir tank 17 ,s 
IB ^ 1 »^l*l^«^ to ~ -fc,, * ,,, "" , • , " ,l ' , 

valve GV2. . , 

The medical fluid is preferably synthetic and may, for example, be a ample 

fluid may also contain antioxidants known to reduce peroxidation or tree rachcal 



15 



20 
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sWecrystaUoidsolutionpreferablyaugmentedwxth 
a non-oxygenated (e.g., simple crys 

, • • for the hypothermic mode. 1 ne specmo 

or prevent toe wasnuiB QC WP u as for flush and/or static storage, 

by reference. ™p 6j0 46,046 to Hassanein, the 

hddmgaseco «. mflBt!)elfusions „M„nmaycon ra matlea S .o«e 
latlLonevasodiUto, AddiUoaaU,, to ^Uon preferably — no 
Lwonrcachine. Further.oneofteWandseeOBdoon^n.ayta 



12 
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^erhold^a^perteionso.utionforhypo^cperMo.ata^ 

L^on^onfcerei. r -™-««^«-"^ 

ou.of.hecon^.odase^dope^^ofacomp^dgas^te 
20 — .mpae^en.^aoas^^^^-^- 

^.edica.^wi^^oMO.^.yb^t.oap,— 
.^byafe.^oe.ec.ric-.JOainheat^— 

^blywhe.teorgao^iond^Ugoi^.obe.ra^^emed.oa. 
3„ Ldwitotohypo^e^onfluid^canbecooWu^oga 
^cMdbea.exohangera^-ha.to.^incc-pend.g 
application Serial No. 09/039,443, which is hereby incorporated by reference. 



13 
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iLinF^n.p^dispo.edoneadi^.heote. Vanou* - 

™,al S ob e transpa ren ttoaUow 1 d^teprfo n oftheorga n . 

^LfeceM ^ch b p K fenM,f 0 m 1 cdofap«ro» S or n «hma te na 1 to 
,« bepn.vided^an^^Sfortubtag^forexample.F.B.llD). Tta 

25 lft.-^»d^-te**— tam o re de«aUbe,ow.A— 

I***-,— * c^berfaeaoh^^t^orbyany^eva^le 
vah-e^hasarotatyscrewvalveoratoUcalscrewvalve. 

Fig nshov.anatematiwembateotofca^eS. In Fig. 17, casse«e 65 

^65. P^y.cas^as^ofasuffidenaydurabtema^na.ftat.tcan 
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.^ri^to-WHO*™****'"—"- Clasp405may 
rzOB^port^providesacccss^ec^^owfaraddM^Wof 

overflc.t^OCsho^Fig. 17A). Overflow trough 440 is a channe, » 

10 metopofcassettetf. Wh-H.™-^-^-^* 0 "*" 

^440 I^^"^*^' - " 
leak ing. ^^tap^*--**^"* 4 ^*" 

cassetteesteoughastopcockoiremovableplug. 

C^«^orboa.Bd,410^ 420 n ^beco n stn^ O f»«I^ 

o^andtoarlowforvideoimagesorphotc^ ,„ be taken of the organ. Person 
i ^ lor ca^6 5 nwbew ire da I K 1 f^»tta«^~" 

^^irnagesrnaybemadeavauableoveracom^ 
20 a.ane.woAorteln^.opro^feaddi.iouatdataanab^andr^o.e 

momtoring. C^e^*^^'* 1 *™"**'*'*"* 

ortt ansporter. Cassette 65 ma, be sterile packaged and/orma, be packaged or sold as a 
25 single-^disposablecasseUA^hasinapee^poucb. A single-use package 

containing cassette 65 may also Include tubeset 400. 

Ca^SntayadmtaaUyteprov^ 
FiB , 18 and 18AChgan chair 1800 is removable and provides a support sur&ce for*e 
organ witiin cassette 65. UuUring a removable organ chair 1800 aUo^ste organs be 

betebeingplacedmu.cassettees. Organ chair 1800 may be reusable or smgle-use. 



15 
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^hasmekidney.hean-orhver. Organ .hair .800 is preferably designed to be form 
fiuiogteteorganbutto allow for the Mantb^mettic range of organs 

P^ly.organchair 1800 is at least parti* perforated to aUowfluids to pass 
toughorganchah-1800. Moccasin organ chai, 1800 may be sized tocatch 

plaSt io e tt .,tocatehorgan^ofatleastl5micronstadia m e te r. taaddmon,a 

nrioror^indiameter.fromer^theperteiontnbing. 
10 ft ganchaul800raa,al*.beconfigu^ 

Organ chair 1800 funnels the venous outflow into venous outflow sampler 1810. 

venousoutflowoftheorgan. Capturing** venous outflow in Ms manner pemnts 

p^flov^intoandoutoftheorgan. Alternatively, venous outflow may be 
^ direcflyby cannula^ a vein, but this memcd increases the risk of damagmg 
tneveinortheorgan. Organ ehairlSOO may aiso beraised and lowered within cassette 
Wtefacffi^samplingfromvenousoutflows^pler 1810. Alternatively, a suffice* 
20 ^ountoftheorganb^nwbednunedtan cassette 65 to obtain access to venous 
outflow sampler 1 810 or to capture venous outflow before the outflow mixes with to 

rest of the perfusate in the organ bath. 

Organc^lSOOUpreferablyadditionaUy configured witt a cannula 1820 that 
^toflreperteedartery.suchasme^artery. CaunuU1820maybereusab.e 

25 or^^to^^^P^^^^^^ 
65 organchairl800ardtubeset400. Cannula 1820 is provided with a cannula clamp 
1 830 to secure cannula 1820 around the perfused artery and to preferably provrde leak- 
ught perfusion. Astraight-in flanged cannula may also be used, however clampmg 
around the artery is preferable to prevent contact withtta inner surface of the artery, 

30 whichiseasilydamaged. Cannula 1820 may also be configured withaddmonal 

branclnngconnectionsforaccessoryarteries. MnWplecannuto and cannula clamp srzes 
^ be used to accommodate various artery sizes or an adjustable cannula m d cannula 
clamptnaybeusedtea^odatevarioussiz^ Cannula clamp 1830 may be 
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^^.^ om TZZ7* 

^videdwilha^motoholdcannulamodo*!. 

Z^^of^^. 1820 
,< ^o^erteorganbetvveentteca^andlhesurgicalfidd. 

09/16 1 ,919, OT U.S.Pa«No.5,SS6,43S to Fahy > wh i oharehe re byu K orpo ral edb y 
reference in their entirety. 



30 
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additioi^^rfvvithinaportableo^tta^sporter. 

Fig 19sho ^anex^™wofa aa0 bo 1 ii ) n m «of« mSI K>r te rl900ofto 
invention. ^ttao^WOOofFig.lShasa.ab.eba.etoMi^anupn^ 
5 positionandhandles mOforcarryingtrausp^rter >*°' '^^^^ 
ftad^ftasbodtestrapand/or^bto 

^pa^.^Oisp.tablyalsoprovided. Conu.1 ^1920 may display 
eta^cs.su.has.bu.notM^.oi^onp^.powoB/oft^rorft* 

condor, flowr^flowresis^,^ 

,0 time,.^cl M ge, te m P era«ep ro iM 

d o^hi* [ ylog«g^-a d dition a . Stote d= B ilsa K lme Ssa ges, W h,cha re 

F.owandp^s^-^uc^b.a^^.naybeused^ca.cu.* 
various( ^eha t a^sttcsmch^ W P^-dvascda rrcS i^ofao 
15 c^whichcanbe^i.compu^n^o.ytoallowfcraaa.^of.forexa^pte 
vascular ^ce^.aswcUasted^^intheappan.to.^h as elevated 

pressure. 

Transporter 1900 has latches 1930 (hat retire positive user action to open, thus 
avoidir^epossibmtythatti^^^ , 
20 I^esmOhoMtopmOinplaceontrar^im Top 1 940 or a portion thereof 

^organperiusionstatns. Transporter 1 900 may he configured with a cover open 
^tnatmontaanddispraysifurecoverisopenorclosed. Transporter 1900 may 
be configured with an insulating exterior of various Wcknesses to allow the user to 
25 cxmfiguretransrurterWOOforvar^ 

oteac^esfausewitttxansporterWOO. Transporter 1900 ma, also be 
configured with means for displaying a UNOS label and/or identification and return 

30 shipping information. 

Fig.lOshowsacross-sectionviewofatrar^WOO. Transporter 1900 
containsca S sette65andpump2010. Cassette 65 may be placed into and taken out of 
tensporterloOOwitoutdisc^^ 
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sterilityoftheorga* Sensors in transporter 1900 can detect me presence of cassette 65 

aUows for automated identi^^^^ 
5 con^echainofcustody. A global positioning system may be added to transporter 
mOand/orcassettedSto^tatetrackingoftheorgar, Transporter 1900 can be 

^terfacedtoacomput^ 

wixelessconmumcation^emtransit This interface aUows perfusion parameters, 

vascular resistance, and ^i**^***^*^^** 

10 trackedanddisplayedmr^-timeorcapWforfto 

Transporter 1900 also pm^^^^ 

^^.^^^^^^^^^^^^ 

or larger, fromthe perfusate to prevent clogging of the apparatus or the organ. 
Transporter 1900 also contains batteries 2030, which may be located at the bottom of 
15 transporter 1900 or benea^^^^ 

to change batteries 2030. Batteries 2030 may be rechargeable outside of transporter 
^OOorwhUemtactwithmtransporterl^ 

atime Batteries 2030 are preferably rechargeable rapidly and without Ml discharge. 
Transporter 1 900 may also provide an additional storage space 2040 at the bottom of 
20 transporter l%0forpow^^ Transporter 1900 may 

also includeapower port foraDC hookup toavehicle such as an automobile or 
airplane and/or for an AC hookup. 

Fig. 21 showsablock diagram oftransporter 1900. Transporter 1900 of Fig. 21 
is intended to provide primarily hypothermic perfusion, and may operate at any 

25 temperaturesjorexam^^^ 

preferably approximately 4° C. The temperature may be adjusted based on the 
particular fluids used and adapted to the particular transport details, such as length of 
timeoftransport. T m ^l<ni*oMh,^21\0.ttw«y»™™'* 
water bath oracryogenic material. In embodiments using cryogenic materials, the 
30 designshomdbesuch^organtreezingisprevented. The temperature of me perfusate 
bamsuiroundmgmeorganismomtoredbytemperatu^ Transporter 
1 900 also contains filters 2020 to remove sediment and particulate, ranging in size from 
0.05 to 1 5 microns in diameter or larger, from the perfusate to prevent clogging of the 
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♦ ■ ^^rterlW^eninfusevalve^maybeopenedtoaUow 
parameters present in transporter iyuu, iu ^ oclirp above 

P * «™it cirh as elevated perfusion pressure aoove 

^pe^on. — '^^1^*----- 

p^^wasbandptime. 

— — ~ — ™ — 

estates. M^ac.io.^to^^fore^p.ebyp.^ga 

4M .^ Tom^d^^aperitoopemtionfroman* 
ope^o^auserpre^topertabudonO^I'eri^)- 

Automatic operations may be controlled by the passage of tune and/or by an 

rlp.e.coonectm.mep^o^on.meidleopa^ ^ptmteopeta.on 
— — -^I" 
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Fig ^^.al— co^onofto^im Transputer 1900 
^ tavem „ ater ^osu re 23.0co^of m e t a,,orp re fe ra b.yapWcor 

^^^^ba.hisp^.eb^ttisi-^eandcaono.g^ 

cool an,2U0. 1 l 1 =lev el ofcco ten .2nO m ay te vie W ed to »gta tt a^« re g.<»of 
^^^.^n.ybeau.on.atfcaUy^-n.o.iWbya^, Coolant 

ttanspoIterl9 00. O^M101.»-^ta.i-^«««»-«-»- M1S « f 

^l^OOisnppedorinverted. Hea, is conduced ftom the ^ of fcepe^on 
teraperattrerange. Coolant2110is a failsafe cooling mechanism because ttansporter 
cornputermamracnon. Tnn.spor.erlWn^a.soUeonngured^ahea.er.ora.e 
the temperature of the perfusate. 
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eoo.edbyata.^ly.electrooiom^^SSUposi^sep^^fte 

^^asa^.he^Uw.s^in.sttae-d^. Tarter !90O and 

toSUters. P« W »^^-» , «^^^""* ,B 

perfuseorg^O. OrganaSSO.ay^vartousorgaas.Wudingbu.nCtau.edtoa 

BdiiCT>eart,lung,UveiorsmaUtet«iliiie. 

CasseTO 65and ttm ^l«)0^^y-»^ tofitOimteSUCh 
tWefficierrfheatt^erisenabfci n.^™**-— — ®- 

transporter 1 900, the elements are secure for transport. 

Fig 24 shows various data struck and infonnanonconnecnons to can be 

beneflcia.W^durmgandafterorgantransp^on. ^epertoion apparatus, 
diagnosticpararne^ofteorgauororga^bemgsteredor^rted.The 

^Tl 1 .^«^^~ d -»« ,^,,e, ' ta ™*'~ , f , * 

p^onparametersandtranspianto^mes. For exampte, information regardmg 
the donor may be entered a, tel ocation where an organ is recover fam a donor. 
Mormation may also be directly recovered from the perfusion, diagnostic or 
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s dentiB K oroteorg^omfort M ki n ga 0 «lmomtoringpu q )Os eS . 

P^enedemtK^n.entsoftta.sporterlWcaoauto^ylogmuohoran 

of the perfusion process data and transporter 1900 events into an internal database. A 

^erWOOtorefer^^daUuniquelytoeaohorgan. When transporter 1900 
reaehesadoddng port, transporter 1900 can upload da^to a main debase computer 
overaLAN. Transporter 1900 can also provide real-toe sfctus whenever transporter 
1900 is connected to the LAN. Transporter 1900 can also be configured mtha 
,0 ^essconnnunicationssetup^providereal-toedamtransferdur^ 

U generally sUuona^.dafcuploadscanoccur continuously and m real-toe. Tne da* 
oantec^referenecdwith UNOS da* to utito the UNOS dataonorgar, 
identification, donor condition, donor logistics, recipient logistics and recrprent 
,5 outcomes. D^ ta di^-^«<*I^»^™M 

from any location. 

Within the perfusion, diagnostic and/or transporter apparatus, the orga^ 
preferably cooled to a predetermined temperate by a second thermoelectiic umt 30b, 
asshovvnmFig.2,mh e attiansfercornmumcationwimthe 0 rg^ 
Alternatively and preferably where the organ perfusion device is going to be 
transported, the medical fluid withmreservok 10 be cooled utilizing a heat 
transfer device such asanice and water bath or a cryogenic fluid heat exchanger 
apparatus ^^^^facc^^Ap^^^^^ 
herebyincorporatedbyreference. A temperature sensor T2 within the organ chamber 
40 relays the temperature oftheorgan60 to the microprocessor 150, which adjusts the 
thermoelectric unit 30b to maintain a desired organ temperature and/or displays the 
temperature on the control and display areas 5c for manual adjustment 

Medical fluid may be fed from the bag 15a dire<^ to an organ 60 disposed m 
the organ chamber 40 through tubing 50a,50b,50c or from bag 15b through tubing 
50d,50e,50cbyoperungvalveLV 4 orLV 3 ,respectively. Conventional medical fhnd 
bag andtubbgconnectionsmay be utilized. All tubing is preferably disposable, easily 
replaceableandinterchangeable. Furtner, all tubing is preferably formed of or coated 
with materials compatible with the medical fluids used, more preferably non- 



20 



25 



24 



PCT/USOl/26591 

WO 02/26034 

tombogemcmaterials. An end ofthe tubing 5Cte is iiiserted into the organ 60. The 

sutures. Ttetubingmayteludeanptofcffitateec^ontofteorgan. 
Alternauvely.cannulamO described above may be used wiu, or witoutconnechonto 

of organs(s) to be perfused. 

The microprocessor 150 preferably controls the pressure source 20 in response 
to signals from the pressure sensorPl to control the pressure of the medical fluid fed 
into the organ 60. The microprocessor 150 may display the pressure on the control 
10 anddisplay areas 5a, optionaUy for manual adjustment A fluid flow monitor Fl may 
also be provided on the tubing 50c to monitor the flow ofmedical fluid entenngthe 
organ 60 to indicate, for example, whether there are any leaks present in the organ. 

Alternatively, the medical fluid may be fed from the reservoir tank 17 via 
tubingSl into an intermediary tank 70 preferably having a pressure head of 
15 approxima te ly5to40mmHg. Medical fluid is then fed by gravity or, preferably, 

pressure, from the intermediary tank 70to the organ 60 along tubing 50c by activatmg 
a valve LV 6 . A level sensor 7 1 may be provided in the intermediary tank 70 in order 
tomaintainthepressurehead. Where a plurality of organ chambers 40 and organs 60 
are provided, the organs 60 are oB^bimMioton^lOi^^ 
20 mbingdupUcativeofthatshowninFig.2. See, for example, Fig. 12. Theuseof 
pneumatically pressurized and gravity fed fluid pumps configured to avoid 
overpressurization even in cases of system failure reduces or prevents general tissue 
damage to the organ and the washing away of or damage to the vascular endothelial 
lining ofthe organ. Thus, organ perfusion m this system can be perfomed; e.g., w!m 
25 eimerhydrostaticper^ 

introducing flow to the organ from a peristaltic (roller) pump. 

Abubble detection system may be installed to sense bubbles in the perfusate. 
An air sensor and sensor board are preferably used. The output of the sensor activates 
adebubbler system, such as an open solenoid valve, to rid bubbles from the perfusate 
30 flowpriortoorganintroduction. As wimaUofme sensors and detectors in this 
system, the bubble detector may be positioned at any point in the system that is 
effective based on the particular parameters or design characteristics of the system. 
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For example,abubble detector and dd^^HD»^beporfli«dl-t~ 

the cam valve 205 and pressure sensor PI , as shown in Fig. 

Astepping motor/cam valve 205,or other suitable variable valve such asa 

the organ 60, and/or to stop flow ofmedical fluid into the organ 60 if fceperfusron 
pressure excels a predetermmed amount. Alternatively, a flow diverter or shunt hne 

occurrence of afault, such as excess pressure, for example by opening and closing a 
10 valveoraseriesofvalves. Specific embodiments of the stepping motor/cam valve are 
shown inFigs. 13A-13B and 14A-14F. Figs. 13A-13Bshowasteppm g 
motor/rotational type cam valve. 

Fig 13A is a top view of the apparatus. Tubing, for example, tubing 50c, is 
interposed between a support 203 and cam 200. Cam200 is connected by a rod 201 
15 tosteppingmotor202. Fig. 13B is a side view of the apparatus. Thedashedhne 
shows the rotational spanofthe cam 200. InFig. 13B, me cam 200 is in its non- 
occluding position. Rotated 180 degrees, the cam 200 totally occludes the tubing 50c 
with varying degrees of occlusion therebetween. This stepping motor/cam valve is 
relatively fast, for example, with respect to the embodiment shown in Figs. 14A- 14F; 
20 however, it requires a strong stepping motor. 

Figs. 14A - 14F disclose another stepping motor/cam valve 210 according to 
the invention. Fig. 14A is a side view ofthe apparatus while Fig. 14C is a top view. 
Tubing, for example, tubing 50c, is interposed between cam 220 and support 223 . 
The cam 220is connected to stepping motor 222 by supports 221a- 221d and helical 
25 screw 225, wMch is corrected to the stepping motor 222 via plate 222a. Fig. MB 
shows the supports 221aand plate 222a in front view. As shown in Fig. 14D, where 
the support 221dis to the left ofthe center ofthe helical screw 225, the tubing 50c is 
not occluded. However,as the helical screw 225 is turned by the stepping motor 222, 
the support 221dmoves to the left(with respect to Fig, 14D- 14F) toward a position 
30 wheremecam220partiaUyorMyc>ccludesmembing50c. Such apparatus is 
slower than the apparatus of Figs. 13A- 13B, but is more energy efficient. 

Medical fluid expelled from the organ 60 which has collected in the bottom of 
the bag 69 (the cassette 65 or the organ chamber 40) is either pumped out through 
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^gglbyap^SOfor — pa^g^afilter^Kandbeing 

^edtotheor^bAcrisp^outbyapump^forcirc^o.toough 

™* pumps 80, 90 are preferably conventional roller pumps orpenstoltic 

pumps; however, other types of pumps may also be appropriate. 

Fig 25 showsasimphfiedsehematicofapumpandpulseconm.UeraSOOand 

shown inFig. 1. Pump and pulse controller 2500 receives pressure senso, data mput 
2510^pres S u re ser^Par>du K h„meterd^mpu.2520.Ata C tome te maybe 

used to set the phase angle oftheaetive wave. Pump and pulse controller 2500 
10 convertsmisWorma ti on to mo to driveontput2530,whichpower S pump2540. Ftg. 

25A shows various modes of operation that pump and pulse controller 2500 can 



wave 



r rate. 

A peristaltic pump driven ataconstan. speed provides a constant pressure 
_ tothe associated tubing. Fig. 25A shows in the first mode of operation the 

wave can be eliminated or canceled out by applying a motor drive wave that is 
oppositetothepressurewaveoffhepump. mute ted mode of operatic called 
active vmveformampUtude modulating, topump fissure pulse waveb 
the motor drive wave, andaselected wave is added vvim a new amplitude as 
compared* the original pressure pulse wave ampUtude. In the fourth mode of 
operation, called active waveform pulso ™dm moduMng, tto pvunp pressure pulse 
wave is canceled by the motor drive wave, and a selected wave is added with a new 
pulse wioUas compared to meoriginalpressure pulse wave width. In an alternative 

to the canceled waves. 

A level sensor L2 in communication with the microprocessor 1 50 (see Fig. 3) 
ensures that a predetermined level of effluent memcal flmd is noamtained within the 
organ chamber 40. As shown in Fig. 2, a temperature sensor Tl disposed in the 
tubing 91 relays the temperature of the medical fluid pumped out of the organ bath 
along tubing 91 to the microprocessor 1 50, which monitors the same. A pressure 
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sensor P2 disposed along the tubing 91 relays the pressure therein to the 
microprocessor 150, which shuts down the system if the fluid pressure in the tubing 
91 exceeds a predetermined limit, or activates an alarm to notify the operator that the 
system should be shut down, for example, to clean filters or the like. 

As the medical fluid is pumped along tubing91 it preferably passes through a 
filter unit 95 (e.g., 25u, 8u, 2u, 0.8u, 0.2u and/or O.lu filters); a CO2 scrubber/02 
membrane 100 and an oxygenator 110, for example, a JOSTRA™ oxygenator. The 
C0 2 scmbber/02 membrane 100 is preferably a hydrophobic macroporous membrane 
with a hydrophilic (e.g., Hypol) coating in an enclosure. A vacuum source (not 
shown) is utilized to apply a low vacuum on a side opposite the hydrophilic coating by 
the activation of valve W,. A hydrostatic pressure of approximately 100 mm Hg is 
preferred for aqueous passage through the membrane. The mechanical relief valve 
(not shown) prevents the pressure differential from attaining this level. Immobilized 
pegolated carbonic anhydrase may be included in the hydrophilic coating. This allows 
bicarbonate to be converted to C0 2 and subsequently removed by vacuum venting. 
However, with organs such as kidneys which have the ability to eliminate bicarbonate, 
this may be unnecessary except in certain cases. 

The oxygenator 1 10 is preferably a two stage oxygenator which preferably 
includes a hydrophUically coated low porosity oxygen permeable membrane. A 
portion of the medical fluid is diverted around the oxygenator along tubing 1 1 1 in 
which is disposed a viability sensor V 1 , which senses fluid characteristics, such as 
organ resistance (pressure/flow), P H, pO* pCOa, LDH, T/GST, Tprotein, lactate, 
glucose, base excess and ionized calcium levels indicative of an organ's viability. The 
viability sensor VI is in communication with the microprocessor 150 and allows the 
organ's viability to be assessed either automatically or manually. One of two gases, 
preferably 100% oxygen and 95/5% oxygen/carbon dioxide, is placed on the opposite 
side of the membrane depending on the pH level of the diverted medical fluid. 
Alternatively, another pump (not shown) may be provided which pumps effluent 
medical fluid out of the organ chamber 40 and through a viability sensor before 
returning it to the bath, or the viability sensor can be placed on tubing 81 utilizing 
pump 80. In embodiments, the fluid characteristics may be analyzed in a separate 
diagnostic apparatus and/or analyzer as shown in Figs. 28-31. 
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The sensed fluid characteristics, such as organ resistance (pressure/flow), P H, 
P 02 P C0 2 , LDH, T/GST, Tprotein, lactate, glucose, base excess and ionized calcium 
levels may be used to analyze and dcternnne an organ's viability. The characteristics 
may be analyzed individually or multiple characteristics may be analyzed to determine 
5 the effect of various factors. The characteristics may be measured by capturing the 

venous outflow of the organ and comparing its chemistry to the perfusate inflow. The 
venous outflow may be captured directly and measured or the organ bath may be 
measured to provide a rough approximation of the fluid characteristics for 
comparisons over a period of time. 
1 o In embodiments, an organ viability index is provided taking into account Ihe 

various measured factors identified above, such as vascular resistance, pH, etc. The 
index may be organ specific, or may be adaptable to various organs. The index 
compiles the monitored parameters into a diagnostic summary to be used for making 
organ therapy decisions and deciding whether to transplant the organ. The index may 
15 be automatically generated and provided to the physician. The index is preferably 
computer generated via a connection to the perfusion apparatus, transporter, cassette 
and/or organ diagnostic apparatus. The additional information, such as donor specific 
information, may be entered into a single computer at the site of the perfusion 
apparatus, transporter, cassette and/or organ diagnostic apparatus or may be entered in 
20 a remote conipiite In embodiments, the 

index may be made available over a computer network such as a local area network or 
the Internet for quick comparison, remote analysis and data storage. 

The organ viability index provides measurements and normal ranges for each 
characteristic, such as vascular resistance and perfusate chemistry characteristics 
25 based on pH, p0 2 , pCO* LDH, T/GST, Tprotein, lactate, glucose, base excess and 

ionized calcium levels. For example, at approximately 5° C, normal pH may be from 
7.00 and 8.00, preferably from 7.25 and 7.75 and more preferably from 7.50 and 7.60 
and base excess may be in the range of from -10 to -40, preferably from -15 to -30, 
and more preferably from -20 to -25. Measurements that are outside the normal range 
30 may be indicated visually, e.g., by an asterisk or other suitable notation, aurally or by 
machine perceivable signals. The characteristics give the physician insight into the 
metabolism of the organ, such as stability of the metabolism, consumption of glucose, 
creation of lactic acid and oxygen consumption. 
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The index may also provide identifying mfonnation, such as age, gender, 
bloodtypeofthe donor and any expanded criteria; organ information, such as organ 
collection date andume, warm ischemiatime, cold ischemia time and vascular 
resistance; apparatus information, such as flow rate, elapsed time the pump has been 
5 operatingandpressu^^ 

inchaxge. The index may additionally provide temperature corrections if desired. 
Returning to Fig.2and the flow and/or treatment of the medical fluid or 

scrubber/O, membrane 100 and/or the oxygenator 1 10, a modular combined pump, 
10 filtration, oxygenation and/or debubbler apparatus may be employed such as that 
describedmdetaUmsimmtaneouslyfdedco-pendingU^ 

09/039318, whichisherebyincorporatedbyreference. As shown in Figs. 4 - 10, the 
apparatusSOOlisformedofstackablemodules. The apparatus 5001 is capable of 

pumpingaflridth^ughasy^ 
15 fluid. Themodulesareeachfomedofaplurahtyofstackaolesupportmemb^ 
easily combinable to form a compact apparatus containing desired components. 
Filtration, oxygenation and/or degassing membranes are disposed between the support 



Figures 4-8 show various modules that may be stacked to form a combined 
pump, filtration, oxygenation and/or debubbler apparatus, such as the combined 
pump, filtration, oxygenation and debubbler apparatus 5001 shown in Figs. 9-10. As 
depicted in these figures, the combined pump, filtration, oxygenation and debubbler 
apparatus 5001 is preferably formed of apluralityof stackable support members 
groupable to form one or more modules. 

Interposed between the plurality of stackable support member are filtration, 
oxygenationand/ordegassingmemb^ ^ 
filtration, oxygenation and/or degassing membranes are preferably commercially 
available macro-reticular hydrophobic polymer membranes hydrophilicaUy grafted m 
acommercially known way,such as, for example, ethoxylation, to prevent protem 
deprivation, enhance biocompatibiHty with, for example, blood and to reduce dotting 
tendencies. The filtration membranes) is preferably hydrophilically grafted all the 
way through and preferably has a porosity (pore size) within a range of 1 5 to 3 5 u, 
more preferably 20 to 30u, to filter debris in a fluid, preferably without filtering out 
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ceUularormolecularcomponentsofthefluid. The degassing membranes) and 
oxy genationmembrane(s)a^hy^ 

boundary. The degassing membrane(s) and oxygenation m embrane(s) preferably have 
a porosily of 15u or less, more preferably 10,x or less. 
5 Themodulesmayincludeaf^ 

viewinFig. 4; a filtration module 5020, as show in exploded view inFig. 5; an 
oxygenationmoddeSOSO^show^^ 

5040 as shown in exploded view in Fig. 7;andasecond pump module 5050,as 
shov^in exploded viewinFig. 8. The pump modules are each connected to a source 

10 ofpumpflmdandareactuated^ 

membersarepreferably similarly shaped. For example, the support members may 
each beplate-shaped; however, other shapes may also be appropriate. Asshownm 
Fig lOmesupportmembersareprefexablyremovablyconnectedbyscrewsor 
5065- however, other fasteners for assembling the apparatus may also be appropriate. 
15 ' The first pump module 5010 p^^^ 

501 1 a second support member 5012 with a cut-out center area 5012c, a diaphragm 
501 3 'and a third support member 5014. The support members of this module and 
each of the other modules are preferably thin and substantially flat (plate-like), and 
canbe formed of any appropriate material with adequate rigidity and preferably also 
20 compatibility. For example, various resins and metals may be acceptable. A 
preferred material is an acryUc/polycarbonate resin. 

The first (end) support member 501 1 is preferably solid and provides support 
forme pumpmodule 5010. The first (end) support member 5011 preferably includes 
adomed-out cavity for receiving pump fluid such as air.Tubing 501 It is provided to 
25 aUowthepumpfluidtoentertbepumpmoduleSOlO. The diaphragm 5013 maybe 
made of any suitable elastic and preferably biocompatible material, and is preferably 
polyurethane. The third support member 5014 includes a domed-out fluid cavity 
50l4d and tubing 5014t for receiving fluid, such as, for example, blood or an artificial 
perfusate, into the cavity 5014d of the pump module 5010. The first pump module, or 
30 any of the other modules, may also include a port 5014p for sensors or the like. 

Preferably hemocompatible anti-backflow valves serve to allow unidirectional flow 
through Ihe pump module 5010. 
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The filtration module 5020 preferably includes a filtration membrane 5021m 
wMchformsaboundaryofcavitySOHd.afirst support member 5022 with a cut-out 
center area 5022c, a degassing membrane 5022m and second and third support 
members 5023 and 5024. The filtration membrane 5021m is preferably a 25u macro- 
reticular filtration membrane modified to enhance biocompatibility with, for example, 
blood and to reduce clotting tendencies (like the other supports, filters and membranes 
in the device). The degassing membrane 5022m is preferably a 0.2 - 3n macro- 
reticular degassing membrane with a reverse flow aqueous pressure differential of at 
least 100 mmHg for C0 2 removal surface modified to enhance biocompatibility. 

The first support 5022 includes tubing 5022t for forwarding fluid into the 
oxygenation module 30, or another adjacent module, if applicable, after it has passed 
through the filtration membrane 5021m and along the degassing membrane 5022m. 
The second support member 5023 of the filtration module 5020 includes a domed-out 
fluid cavity 5023d and tubing 5023t through which a vacuum may be applied to the 
cavity 5023d to draw gas out of the fluid through degassing membrane 5022m. The 
fourth support member 5024 is preferably solid and provides support for the filtration 
module 5020. The third support member can also include tubing 5024t through which 
a vacuum may be applied to draw gas out of the fluid through the degassing 
membrane 5031m of the oxygenation module 5030 as discussed below. The filtration 
module 5020, or any of the other modules, may also include a port 5023p for sensors 
or the like. 

The oxygenation module 5030 includes a degassing membrane 5031m, a first 
support member 5032, a filtration membrane 5033m, an oxygenation membrane 
5034m, a second support member 5034 with a cut-out center area 5034c, and third and 
fourth support members 5035, 5036. The degassing membrane 503 lm is preferably a 
0.2 - 3u macro-reticular degassing membrane with a reverse flow aqueous pressure 
differential of at least 100 mmHg surface modified to enhance biocompatibility. 

The first support member 5032 includes a domed-out fluid cavity 5032d. The 
surface of the domed-out fluid cavity 5032d preferably forms a tortuous path for the 
fluid, which enhances the oxygenation and degassing of the fluid. The filtration 
membrane 5033m is preferably a 25u macro-reticular filtration membrane modified to 
enhance biocompatibility. The oxygenation membrane 5034m is preferably a 0.2 - 1 u 
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macro-reticulaioxygeaM.mmemb^ withareve.se flowaqueo^pr^ 
differential of at least 1 00 mmHg surface modified to enhance biocompaubrhty. 

The second support member 5034 includes tubing 5034, for forwarding fhud 
ou, of the oxygenation module 5030 into me debubbler module 5040, or another 

cavity 5035d and tubing 5035t for receiving oxygen from an external source. The 
fourth support member 5036 is preferably solid and provides support for the 

oxygenation module 5030. 

The debubbler module 5040 includes a first support member 5041 , a filtration 
membrane 5042m, a degassing membrane 5043m, a second support member 5043 
having a cut-out center area 5043c, and a third support member 5044. The first 
support member 5041 has a domed-out fluid cavity 5041 d. 

The filtration membrane 5042m is preferably a 25u macro-reticular filtration 
membrane modified to enhance biocompatibility. The degassing membrane 5043m is 
preferabl y a0.2-3umacro-reticular degassing membrane with a reverse flow aqueous 
pressure differential of at least 100 mmHg surface modified to enhance 
biocompatibility. Tbe second support member 5043 has tubing 5043t for forwarding 
fluid out of me debubbler module 5040 into the pump module 5050, or another 
adjacent module, if applicable. The third support member 5044 includes a domed-out 
cavity 5044d and tubing 5044t through which a vacuum may be applied to draw gas 
out of the fluid through the degassing membrane 5043m. 

The second pump module 5050 may correspond to the first pump 
module 5010. It preferably includes a first support member 5051, a diaphragm 5052, 
a second support member 5053 with a cut-out center area 5053c, and a third (end) 
supportmember 5054. The first support member 5051 includes a domed out fluid 
cavity 5051d and tubing 5051t for allowing fluid to exit the pump module. The 
diaphragm 5052 is preferably a polyurethane bladder. 

The third (end) support piece member 5054 is preferably solid and provides 
support for the pump module 5050. Support member 5054 preferably includes a 
domed out cavity (not shown) for receiving pump fluid. Tubing 5054a is provided to 
allow the pump fluid such as air to enter the pump module 5050. Preferably 
hemocompatible anti-backflow valves may serve to allow unidirectional flow through 
the pump module 5050. 
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In operation, blood and/or medical fluid enters the first pump module 5010 
through tube 5014t passes through the filtration membrane 5021m and along the 
degassing membrane 5022m. A small vacuum is applied through tubing 5023t to 
draw gasthroughthedegassingmembrane 5022m. Next, the blood and/or medical 
5 flridtmvelsmtofceoxyg^ 

along the degassing membrane 5031m, through the filtration membrane 5033m and 
alon g theoxygenationmembran e 5034m. Oxygen is received into the domed-out 
cavity 5035dofthe third support member of the oxygenation module 5030 via tubmg 
5035tand passes through the oxygenation membrane 5034m into the blood and/or 
1 0 medical fluid as the blood and/or medical fluid travels along its surface. 

After being oxygenated by the oxygenation module 5030, the blood and/or 
medical fluid then travels via internal tubing 5034t into the debubbler module 5040. 
The blood and/or medical fluid passes through the filtration membrane 5042m and 
along the degassing membrane 5043m. Asmall vacuum force is applied through 
15 ta bm g 5<mttodrawgasoutof^ 

membrane 5043m. After passing through the degassing module 5040, the blood 
and/or medical fluid travels into the second pump module 5050 through tubing 50411, 
and exits the second pump module 5050 via tubing 5051t 

After passing through me oxygenator 110, or alternatively through the 
combined pump, oxygenation, filtration and/or degassing apparatus 5001, the 
recirculated medical fluid is selectively either directed to the reservoir 1 5a or 1 5b not 
in use along tubing 92a or 92b, respectively, by activating the respective valve LV 2 
and LV 5 on the tubing 92a or 92b, or into the organ chamber 40 to supplement the 
organbath by activating valveLV,. Pressure sensors P3 and P4 monitor the pressure 
of the medical fluid returned to the bag 1 5a or 1 5b not in use. A mechanical safety 
valve MV 2 is provided on tubing 91 to allow for emergency manual cut off of flow 
therethrough. Also, tubing 96 and manual valve MV, are provided to allow the 
apparatus to be drained after use and to operate under a single pass mode in which 
perfusate exiting the organ is directed to waste rather than being recirculated 
30 (recirculation mode.) 

Abicarbonate reservoir 130, syringe pump 131 and tubing 132, and an 
excretion withdrawal unit 120, in communication with a vacuum (not shown) via 
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v aC uumv a lveW i and tt bi n gl21a,122aa re a 1 »ea C h P rovidedadja^. to a m iin 
communication with the organ chamber 40. 

5 Rg iSshowsperfusionapparah^oOO. Perfusion apparatus 2600 has a single pump 
2610 wmohispreferablyaroUcrpurnporperista.ticpump. The tubing spirts mto 
two or more directions with, for example, three mbes going toward the portal vcm 
side of the liver (portal tubing 2625) and one tube going toward the hepatic artery srde 
of the liver (hepatic tubing 2626). The portal side of perfusion apparatus 2600 has 

into portal tubing 2625 and hepatic tubing 2626. 

Both the portal side and the hepatic side of perfusion apparatus 2600 
preferably haveafilter 2630, bubble trap 2640, pressure transducer 2650, temperature 
15 tt ansducer2660,andtlowsensor2670. An additional temperature tnmsducer 2660 
,naybepresemmflmdreturntubing2620. The organ may be cooled as discussed 
above for example by anice and water bath2680 or byacryogenie fluid. In 
embodiments using oyogenic fluids, the design should be such that orgar, fleering* 
prevented. 

20 Multiple pumps may be used; however, utilizing multiple pumps generally 

increases the size and cost of the apparatus. Utilizing a single pump 2610 for both 
vasculature systems provides a variety of modes that can be used to perfuse a Uver. 
After each bubble trap 2640, the tubing splits into two directions. On the hepatic side, 
hepatic infusion valve 2685 controls the flow to the hepatic side of the Uver and 
25 he paticw a shvalve2686controlstheflowintotheorganbath. On the portal side, 
portal infusion valve 2695 controls the flow to the portal side of the liver and portal 
wash valve 2696 controls the flow into the organ bath. Preferably, each pair of 
infusionvdvesandwashvalvesopemtesmanon/offoreim^ Inomer 
words, when, for example, the portal side is set to infuse, the portal wash valve 2696 
30 isclosed. ThefoUowmgtableshowsvariommodesofor^tionforper&sion 

apparatus 2600. 
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MODES OF 
OPERATION 


PORTAL 
VALVES 


HEPATIC 
VALVES 


DOMINANT 
PRESSURE 


NOTES 


Portal Only 


Infuse 


Wash 


Portal 


No hepatic 
perfusion 


Portal Priority 


Infuse 


Infuse 


Portal 


Hepatic slave to 
portal 


Hepatic Only 


Wash 


Infuse 


Hepatic 


No portal perfusion 


Hepatic Priority 


Infuse 


Infuse 


Hepatic 


Portal slave to 
hepatic 


Alternating 


Infuse 


Switching 


Alternating 
taMf». above sho 


Wavy portal flow; 
pulsed hepatic flow 
w options for infusing 



.liver In the first mode, Portal Only, the portal side of the liver is tafused. 
Therefore, the portal valves are set to infuse, »hich means ta, portal in&sion valve 
2695 is open and portal wash valve 2696 is elosed. Also, in a Portal Only mode, 
hepatic infusion va!ve 2685 is closed and hepatic wash valve 2686 isopen. InaPorta. 
(My mode, the portal pressure is dominant, which means the ptessure is controlled by 
m e pressure transducer 2650 on the portal side. In this mode, there is no hepatic 
infusion. 

In a Portal Priority mode, the portal valves and the hepatic valves are set to 
iafuse The portal pressure is dominant; and therefore, the hepatic side is a slave to 
the portal side. In an Alternating mode, the portal valves are set to infuse and the 

^v^My^™^^**^*** InanAlternatmg 

m ode when the hepatic valves are set to infuse, the hepatic side provides the 
dominant pressure. When the hepatic valves are set to wash, the portal side provides 
thedorninantpressure. This type of alternating pressure control provides the portal 
side with a wavy flow and provides the hepatic side with a pulsed flow. 

The present invention also provides an organ diagnostic system 2800 shown in 
Fig. 28. Organ diagnostic system 2800 has a computer 2810 and an analyzer 2820. 
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Co»ec te d«>bothco m p« te r2810a«la n al y zer2 8 20isano I Baneval U afion 

instrumem2830.alsoshov~inFig.29. Organ diagnostic system 2800 is preferably 
^vided^.hsd.ab.cdisplaystoAowte^ofte^a.dteorgan.Or^ 

e^uationinstrumen^Oh^aper^ 
5 connecting analyzer 2820 and organ evaluation testament 2830 is a tmnsfer tae 
2860 o^^^s^m^^^^^^^^ 

perfusionappamtosl and/or transporter 1900. Tta organ viabflity index is preferably 
prodnced by flow and temperature programmed single-pass perfusion and m-hne 
,0 automaticanalysis. * analysis may be perform* in a multi-pass system, although a 

predetermtaedchemistry. This increases the flexibility of types and contents of 
15 perfusatesthatn^ybedeUvered,^^ 
analysis in process. 

Fig. 29 shows a perspective view of organ evaluation instrument 2830. Organ 
evaluation instrument 2830 has a perfusate chamber 2840 and an organ chamber 2850. 
Organ chmber 2850 may be 
20 removableormaybehinged. Organ chamber 2850 is preferably configured to recede 
cassette 65, preferably without opening cassette 65 or jeopardizing the stenhty of the 
interior of cassette 65. Cassette 65 and organ chamber 2850 are preferably constructed 
to fit or mate such that efficient heat transfer is enabled. The geometric elements of 
cassette 65 and organ chamber 2850 are preferably constructed such that when cassette 

25 tfisplaoedwito^ ApOTt 
2920 is also provided to connect transfer line 2860. 

Fig. 30 shows a single-pass fluid system of organ diagnostic system 2800. The 
initial perfusion fluids 3000 are contained in a chamber 3010. Chamber 3010 is 
preferably temperature controlled by a heating and coolmg system. Fluid flow wxthm 
30 fcesystemismomtoredbyflowse^^^ 

valves 3030 and pumps 3040. The fluid system also provides a bubble trap 3050, a 
pressure transducer 3060 and a temperature transducer 3070. Heat exchanger 3080 
provides temperature control and heating and cooling to the fluid within the system 

37 



PCT/USOl/26591 

WO 02/26034 

priortoorganperfusion. ^ is P^* cassette 65. 

^ Mw L^^**™<°^ 2 ™- Werhne 
2860 ma, also be provided wi* a separate heaUng and cooUng unit Ate to flmd .s 

5 analyzed, it ma, be collected in a waste receptacle 3090. 

Fig 31 showsa.ogic circuit for organ diagnostic system 2800. ^computer 

10 transferline heater/cooler and displays. 

viabili^ofanorganand/ortottansportand/orstoretheo^n. Preservation of the 

time due to disease or injury to to donor body, during removal of me organ fiomto 
donor bod, and/or during storage and/or transport to a donee b**. Tte Perfusion, 
diagnostic, and/or transporter apparatus of to present invention have to abibt, to 
detect to cell chemistry of an organ to be transplanted in order to adjust to perfusate 
20 ^^^^^^^isc^c^io^^m^ 

orprogramrnedcelldeath. Specific agents and additives provided to an organ by to 
perfusion, diagnostic and/or ^rter apparams, under conditions continued b, to 
particular apparatus, may interrupt, decrease and/or reverse apoptosrs. 
25 fcpreferredmetodsoftopresentta^^ 

ti^e. An organ ortissue sample may be removed from a first bod,, modified, tieaUd 

30 tiansplantedtoasecondbody. An advantage of to apparatus is that it enlarges to 

8 10 ,2ormorehours)orevendays(e.g.2, 4,6, 8,10, 12 or more days) or weeks 
(e.g. 1 , 2, 3, 4, 5, 6, 7, 8 or more weeks). In preferred embodiments, to perfusion, 
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diagnostic and/or transporter apparatus of me present invention may be used to 
provide particular solutions or chemicals to anorgan or tissue or maybeusedto 
performparucmart^tments^^ 

particular solutions or chemical, Ex vivo treatments may be performed on tissue or 
5 anorgantobetrar^p^^ 

isperformed. ^toma*^*^^**^**™" 

mfl «^ih-l-^»P^«P^ rfW ^^^ EXV1VO 

treatments may t^p^M^^^^^^^ 

10 andsutu^g^orgar.forexampletoremovenecrotictissue. Any surgical or other 

treatment technique that may be performed on tissue or an organ in vivo may also be 
performedontissueoranorganexvivo. The benefit of such ex vivo treatment may 
beseer,forexample,mmeappUcationof ra mationorchemommpytotreata^ 
present in or on an organ, to prevent other portions ofthe patient from being subjected 
15 toextraneousmdiationorchemotherapyduringtreatment The perfusion and 
transporter apparatus of the present invention also provide additional tune for a 
physician to maintain the tissue or organ before, during and/or after performing a 
particular technique on the tissue or organ. 

Particles trapped in an organ's vasculature may prevent the organ from 
20 perfusmgproperly,o^^ 

transplantation. Perfusion, diagnostic and transporter apparatus of the invention 
provide ex vivo techniques include perfusing, flushing or washing an organ with 
suitable amounts of a thrombolytic agent, such as streptokinase, to dissolve blood 
clots that have formed or to prevent the formation of blood clots in an organ and to 
25 openthe vasculature of the organ. Such techniques are disclosed, for example, m U.S. 

tn , . ,. filed August 25, 2000, Attorney Docket 

Provisional Patent Application. , ruea Augubu , 

No 106996, the entire disclosure of which is hereby incorporated by reference. 

Another concern with organ transplantation is the degree to which a recipient 
may be medicated to prevent organ rejection. In organ transplantation, a further ex 
30 vivotechmquemvolvesmo 

system of the donee to prevent or reduce organ rejection and to limit or prevent the 
need to suppress the donee's immune system before, during and/or after organ 
transplantation so as to increase the tolerance of the donee to the transplanted organ. 
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likelihood that tbe organ will not be rejected. These substances may also mask the 

10 ^gnizestheorganasartologous. Morgan may* treated jus, pnor«o 

IfitedAugusUS.JOOO, Attorney DocketNo. 100034, the entire 

^^whichisherebymcorporatedbyreferenoe. 

Suc^ces,suchasmc^edorumnc«^ 

a solution corrtaining polyethylene glycol (PEG) and an antioxidant such as 
^one.ntayalsob.pro^^organortissueu.maskn.eorganorto^ 

^ostica^ort^rterapparatusoft.einvennon. »-hsol^ons 

disclosureof^chisherebyincorporatedbyreterence. 

Theperinsion, diagnostic and transporter apparatus ofthenwentionmaybe 

v ariousapparatusmay enlarge the time « an organ rnay he avanable for ex vtvo 
^ent,e.,,f M hours(, g .2 > 4,6,M0,12ornrorehours)orevenda^e^4, 
« S 10 , 2 „r m oredays)orweeks(e.g.U,3,4,5,6,7, 8 or m oreweek S ). Dunng 

andrvelopmentntaybeperforrnedonand/orwiththeorgao. Pu*. treatments may 
^performedforresearchpurposes^^ 

peters. Since Ore organ or tissue may be maintained and/or analyzed a. or near 
physiologicparame.ers.anorganmaybe^for the effect of various treats 
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«rri^ieexvivo The perfusion, diagnostic and/or 
and/or substances on the organ or tissue ex vivo, ine^ 

5 ^^acoo^^pre^— focns on three eoncep* 

^^^Whendeprived of oxygen, tocapaci.y.op^uce energy, 
JLorinhibited. Addi^y.a.^pe^beiowao-C^-.hondnaa.e 
^etoutuizeoxygentoproauceenergy. Byperf^teorgan^mano^en 

n 1K ,eoMe, l ha tiS , ATPleveh.ina.eorganreducedbyte.aokofoxygena.e 

ft „ mte radi^ S cavenge IS .Py™va,e ri ch S o,^ S »eha Sto td 1 . 1 o S ed ffi U.S. 
20 Pa.entKo.S^S.a.incapab.eof— g^or^ao^ 

^anrount. ^i.o^aas— yaavesigomcan.p^.eve,. Prolan 

o^spre-ischenria energy ,eve>s if to nnt^BdrU are not provided^ 
25 JLien.o*ygentoprc<>uceenergy. ^ — e pernor. nurd ma, 

eonrain r ta 6rnMof P yruva te , 5m M,4r J1 M,oreve B nop^va t e. ^er,™™ 
Lain sufficient oxygen U> restore andyormanr^inpre-Uchenna energy and en^rne 



levels. 



After nraurtainingand/or restoring the organ's pre-isehemia energy levels by 
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^^oa.Mda.hypo^c^pera^^hypothe.miomod,). The 

Ige^^oftaorganpno.to^o.iuc.ionof.heorgan^adoBee 
W! ttemedicalflmdutffi^intehypo^cmodeccntoU.aeorno 
5 oxyge^wUchc^be^bymitechontotoproduce^telcw 

vit aminE,ca,alase, or superoxide dismvaaso to protect agau^Mgh^radrca, 
formation which occurs a. low temperatures due to the reduction m 
10 ^superoxide — n^ 

whereappropriate. AdditionaUy, vasodilators, such as, for example, peptrdes, maybe 
addedtottemedic^flaidtorr^flowevenBconditiouofmjury. 

Mowed by one or more of hypoir^c perfusion normo^ 
20 smtics.orage.inanynecessaryand/ordesiredorder. In some cases, normothermrc 

perfusion may not be necessary. 

Ttanormomenmc perfusion,™* or 
also be performed on an organ that has already been subjected to hypothec 

25 Theorganmaybeperfusedatnormothe^^ 

beh^perfas^athypomerrmctenu— for storage and ten may be transported 
wi^utorpreferablywimhyporhermicperftsion. Also, me normomermic person 
may be performed in vivo prior to removal of the organ torn me donor body. Furdrer, 
30 meorganmaybeperfuseda.nonnou^ctemperatures.0^ 

storageand/ortransport Then me organ may be hansplanted into a donee body wkle 
rer ^athypot>>err m cten^^ 
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• v • .wirnHhTOOxia damage assessment Several 
10 possible WTT (warm ischemia time) and hypoxia nanus 

exemplaryseer^osarese.foAmmefoUovA.gdiso.ssion. 

lexam^mone— en tofme present^ the organ can* 

taanomerembodmient.suchaswhereteorganhasrnmm^Wrrand 
^vascularocc^adifferentprocednrecan^nsed. Here, the ors«n can 

^er^ctem^. If necessary to transport the organ, the organ can be 
^e^aaorexamp^cetempera^. "-otheorgan^ 

^umvaluesconwlmepulsewaveconfigurahon. If necess^ytosto 

mte MO R ^MOI.a^eper^canbeused.^asa^^ 
so^on.dextranornne^andpreferab.yathypomermic^^. 
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„ - .*,,^*'»^ 

As a variation of the above procedure, an organ having minimal WIT and 

p^nnnimumandpre^maximum values control the pu*e w*, e 
onn^on.^o^ancanhep^mu.eMOR.eimerforexten^^ 

15 aarnageassessmentcan^bemadehyomer^prooedu.s Followuig 

Tperatures. ^^P^^-^^r^I^ 

Prefe^Wy.menormomennie temperatu.es a. from about 12 to about 24 C, but 

example,forfromaboutlhour to about24ho™s. Following recover from the 
^od^cperMon.theorg^ 

^forexample.asuhab.esoiu.ionsuohasacrys.noid solution, dextranorthe 
25 Uke.andpretoblyathvpou^ctemperahires. When desired, the organ can then 
beretumedtometransporterfortrausporttothem^plantsite. 

membxhmentswheretheorganhasmghOT^^ 
aehhoodoforacmal; vascular occlusion, variations onme above processes can be 

used ^^^^cm^^^'^^'^^'T 

M condMor^teorgancanbenushedasdescribedabove. m addition, however, free 

^cal scavengers can be added to the flush solute, if desired. As above, me organ 

where to»*^<m*~^*'«1«-««* lam - a * 1 * a 
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configuration. -meorgancaabephcedinAeMOR.^forextended^ 
and/orfordamageassessmen, bU^MORasui.ableperta.eoanU^.chas 

5 P ^e ra b 1 y, to h y po«he^c^pe^a Kltom abom4«,abo««10«C,bu t h >g h e r 
o^ower^pe^soanbcused^desiredand/orneces^. MM*.* 

^eassessmentc^alsobemadebyoterknownptoeedures. FoUowmg 
hypothennicp«asec„ndP^oncan te ^^ 
I0 ten^ratures. Any suitable person button can be used for this process, -»l 

Preferably, the nonnothermic temperatures are torn about 1 2 to about 24°C, but 
Mgherorlowertemperatu^canbeu^ The 

15 eX amp.e,for£ro m aboutlhour«oabou.24hours. If desired, arJ particularly* the 

Perfusion can be conducted a. higher normothennic temperatures, for example offtom 
about 24 to about 37»C. This further perfusion can be conducted using a smtable 
solution that contains a desired material to retard the vascular occlusion. Such 
20 materialsinclude.forexample.clotbusterssuchasstrep.okiuase. Following recovery 

orthelike.andpreferablyathypoutenrnctemperatures. When desired, the organ can 
then be returned to the transporter for transport to the implant site. 
25 Tteorganc^accordtagtofepresentta^^^^ 

easuy transported to an organ recipient and/or between organ perfusion, diagnostic 
and/or portable tnu*port« nppa^ , such as, for examp.e.hansporterlWdescnbed 
aboveoracon^onalcwleroraportablecontamersuchasmatdirf 

30 vvimcn^toaHowtheinseruonoftubmgofanc^anperW 

diagnostic apparatus into the cassette for comecuon to an organ disposed Iherem, or 
may be provided with its own tubing and connection device or devices to allow 
connection to t^tag torn an organ perfeion,tr^^ 
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, Hnmvidesaprotectiveeavironmentforanorganforstorage, 
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System^ H logger ^or transmitter (not shown) to allow 

^ro^Iono^^otat^.^ 

i. «nh,W«2 However, other apparatus may be used to perfonn 
of the apparatus shown in tig- 2. tiowev ' ^ 

the inventive method. 

^tanicpe^iontnooe. Kepeuuve oeseription wi» be onntted a, ntuen as 

25 As d i sou S sedabove>ibi S mode, to nrfcalWd i sp re f= ra b 1 yan 

^pla.votaethan.fore^e.astap.eOniv^ofW— <UW) 
30 LaUyot^y^dcp.o.edATP.eve,, However^ invent™ .s noUunUed 

App Uca n onsN»s.08/484,601andU.S.PatentApp U oauon09/6 28 ,3 1 .,medM y 28, 
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^ v + xrn 1 oni 1 Hie entire disclosures of which are hereby 
2000, Attorney Docket No. 1013 1 1, tne eu 

incorporated by reference, may also be appropriate. 

.^-»-*-— 

JtoOOrornHg.byteco.nbinau onoftepressuresou^Oandp^cuff.Sa, 
ispres surecon*,.. ^^^^^^ Me \ 

^exceed.aprede^Hnn^s^ppiBgmoW^va.ve^.aybe 
activated to shut off fluid flow to the organ 60. 

^OrnrnHgandaflowrateofapp— ly , to 2 nu/grau./nun. fot a. .oug as 

^.However.^caeriawU! vary depending on*ec«o^o n „fta 
par.icu.ar organ, the donor body and/or tedoneebody and/or ontes.eof.he 
30 particularorgan. One of ordinary^ in tear, can select appropriate «*». 
^ou.undueexperimen^oninviewofteguidancese.fc^h^u, 

Effluentmedic^fluidcoUecteintebottomofteorganchamber^and, 
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p^e^cdleve. of effluent medi^Wdispre^.inteorg.nc^^ 

ttetemperaturesens^T. ^te^n.eoffl.eorg.nbam^ 
^otfcen^dton— n ^Oatthede^^ 

^dl^ll-«^--»-«-«»- B *- d *' Nr,, " 5efc 

adjustment and monitoring. 

^ofd^on.o^ovelargesurgiea.debnsandcenu.a.deWs.asweUas 

^^*-^*.-rf^^^ WI,w,,,,,,,B "* ,, 

damage such as renal damage. 

o.embmeXM.Themediea.fluidpa^over.he^phobic^pon.- 
appUeaood.eopposi^sidebyacnva.ingva.veW.wh.cbremovesCO.fcmfte 

recirculated medical fluid. 

Subse^nUy.a^onofthemedica.Mdtbenen^teo^rnO 

via tubing 1 1 1 though the pH, pOi, pCOi LOT, T/GST and Tprotein sensor VI At 
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p^SO^OO^Hg.P^^a— ter gas va,ve GV, * 
re,nirea P CO ! o,approxima.e, jWam *»***>>«V**0X>«'** 

^ISaorlttnotinuse. 
,0 Jdicside^lessthanT^S), 1 00% oxygen is delivered* the gas exchange 

bica^natesotationftomthebicaAon^teservottBO, vmtnbmg 3 

MedieM^^Hgn—^con^tp^ae^can,— 
^ ^addinoncfbic^na.eaid.tabnffenng^andprov.dmga 

reversible pH control mechanism. 

n o, i „^. lte bag 1 5a OT 15bno«inusei S a.lowed«odegas(e.g.,an y exc^ 
oxyg en)thronghvalveGV 4 . When the bag ,5a or ISb*-!- 

25 0ml or lessof medic*! a*,^^*-^^ 1 * 1 *" 

all0W e 0t oven,viai«srespec t ivegasva,veOV„0V, Uen, the reserve cuff! 6a, 

pref erab.v ata^peratnrewithinarangeof approxtaateiy ,-C* i^naore 
p re fe ra b. y 4=C«o.0»C, m o S .p r efe I ab.yaro«nd,0»C. T* medrcal flurd . 

acid, gtatathione, vrcKr soluble vitamin E, catalase, or suboxide drsnnrfase. 
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instead of feeding the medical fluid dtecll, to te organ, medicd fluid 

101. 30 mm Hg, most preferably around 20 mmHg. Medical fluid is ton fedby 
5 gravityor.preferabry.pressure,^ 

tabingSOcbyactivaungavaWeLV,. Tbe leve! sensor 71 mm etat*rmediary.ank70 
is used to control the feed from reservoir tank 1 7 to n.atatam me desired pressure 
head. Because the medical fluid is fed to the organ by gravity or, preferably, pressure, 
in the hypothermic mode, there is less perfusion pressure induced damage to the 

perfused is limited by the pressure head to at most 40 mm Hg. 

The stepping motor/cam valve 205 (or other variable valve or pressure 
regulator)may be arranged on the tubing 50c to provide pulsatile delivery of the 
medical fluid to the organ 60, to decrease the pressure of the medical fluid fe4 into the 

described above. 

Further, in the hypothermic mode, because the organ 60 has less of a demand 
for nutrients, the medical fluid may be provided to the organ 60 intermittently (e.g., 
every two hours at a flow rate of up to approximately 100 ml/min.), or at a slow 
20 contmuousflowmte(e.g.,uptoapproximatelylOOmymm.)overa 
time Mterrmttentperfusioncanbeimplementedmm^ 

recirculationmode. The pump 80, filter unit 82 and tube 81 may be used to filter the 
organbam along use of^ 

however, because the organ is unable to utiles oxygen at hypothermic temperatures, 
25 the oxygenator is not used. If desired and/or necessary, adequate oxygen can be 
obtained from filtered room air or other suitable source. 

Both the perfusate flow and the temperature regulation can be automatically 
controlled. Such automatic control allows arapid and reliable response to perfusion 
conditions during operation. Automatic flow control can be based on the parameters 
30 measuredfrommesystem^clucimgtheperfus^ 

the organ, the organ inlet pressure or timed sequences such as pre-selected flow rates 
or switching between perfusate modes. Preferably, the flow control is based on 
pressure momtormg of the The benefits of automatic 
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flow control mclude maintainkg proper oxygenati^^ 
under continuous flow or controlled intermittent flow. Thermal control of the 
thermoelectric devices (TED) can regulate the temperature of the organ cassette or 
container and the perfusate reservoir. The thermal control is based on thermal 
5 measurements made for example by thermistor probes in the perfusate solution or 
inside the organ or by sensors in the TED. 

The automatic control is preferably effected by an interactive control program 
using easily operated menu icons and displays. The parameters may be prestored for 
selection by a user or programmed by the user during operation of the system. The 
control program is preferably implemented on a programmed general purpose computer. 
However, the controller can also be implemented on a special purpose computer, a 
programmed microprocessor or microcontroller and peripheral integrated circuit 
elements, an ASIC or other integrated circuit, a digital signal processor, a hardwired 
electronic or logic circuit such as a discrete element circuit, a programmable logic 
device such as a PLD, PLA, FPGA or PAL, or the like. In general, any device capable 
of implementing a finite state machine that is in turn capable of implementing the 
control process described herein may be used. The control program is preferably 
implemented usingaROM. However, it may also be implemented using a PROM, an 
EPROM, an EEPROM, an optical ROM disk, such as a CD-ROM or DVD-ROM, and 
disk drive or the like. However, if desired, the control program may be employed using 
staticordynamicRAM. It may also be implemented using a floppy disk and disk drive, 
a writable optical disk and disk drive, a hard drive, flash memory or the like. 

In operation, as seen in Fig. 1 5, the basic steps of operation to control 
perfusion of one or more organs include first inputting organ data. The organ data 
includes at least the type of organ and the mass. Then, the program will prompt the 
user to select one or more types of perfusion modes. The types of perfusion modes, 
discussed above, include hypotonic perfusion, nonnothermic perfusion, and 
sequential perfosion usmg bom normothermic and hypomernnc perfusion. When both 
normothermic and hypothermic perfusion are employed, the user can select between 
medical fluids at different temperatures. Of course, the system includes default values 
based on previously stored values appropriate for the particular organ. The user may 
also select intermittent perfusion, single pass perfusion, and recirculation perfusion. 
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* the type of flow control for each selected perfusion mode is set Tto 

flowconttol selector selectsflowcontrolbased on at least oneof perfusate flowrate, 

flow of the medical fluid is then based on the selected perfusion mode and flow 

control. , 
During operation the conditions experienced by the system, m particular by the 
10 organandtheperfusat^aredetectedandmonitored. The detected operating 

conditionsare compared with prestored operating conditions. A signal can then be 
generated indicative of organ viability based onthe comparison. The vanous 
detectors, sensors and monitoring device are described above, but include at least a 
pressure sensor, a pH detector, an oxygen sensor and a flow meter. 
! 5 The control system may also include a thermal controller for controlling 

tempemtureofatleastoneofmep^teandmeorgan. The thermal controller can 

control me tempemtureo^ 

controlling the TEDs. As noted above, temperature sensors are connected to the 
controller to facilitate monitoring and control. 
20 The control system may be manually adjusted at any time or set to follow 

default settings. The system includes a logic circuit to prevent the operator from 
^^W^o^to^^ Asnotedabove,1he 
system may also be operated in a manual mode for sequential hypothermic and/or 
normothermic perfusion, as well as in the computer controUed mode for sequential 
25 hypothermic and/or normothermic perfusion. 

The above described apparatus and method may be used for child or small 
organs as well as for large or adult organs with modification as needed of the cassettes 
and or ofthe pressures and flow rates accordingly. As previously discussed, the organ 
cassette(s) can be configured to the shapes and sizes of specific organs or organ sxzes. 
30 Theappa^tusandmemodcan^ 

such, for example, artificial placentas cell cultures, for gpwingfdoring organ(s). 

While the invention has been described in conjunction with specific 
embodiments thereof.it is evident that W alternatives, modifications and variations 
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rnaybeapparenttothoseskiUedintheart Accordingly, the preferred embodiments 
ofmemventionassetforth^ 

Various changes may be made without departing from the spirit and scope of me 
invention. 
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!. Apparatusforholdmganorg^^^ 
and transport of the organ, comprising: 
a portable housing; 

m organ supporting surto configured to support an org*, within said housing, wherem 

housing is liquid-tight . , 

2 The apparatus of claim 1, further comprising a valve supported on the housing and 

oonfiguredto control thepressure of m edical fluid passed ^ 
said valve. 

3 The apparatus of claim 2, wherein the valve is a variable valve. 

4 The apparatus of claim 2, wherein the valve is selected from the group consisting 

5 The apparatus of claim 1, wherein said openings are closed with seals or plugs. 
6 . The apparatus of claim 1, further comprising a handle disposed on an outer 

surface of the portable housing. 

7 The apparatus of claim 1 , further comprising supports configured to support the 
apparatus when inserted into at least one of an organ perfusion device, an organ transporter and 
an organ diagnostic device. 

8. The apparatus of claim 1 , further comprising a first lid. 

9 The apparatus of claim 8, wherein said first lid is removable. 

The apparatus of claim 8, wherein said first lid is attached to said portable housing 



10. 

by a hinge. 
11. 

12, 



The apparatus of claim 8, further comprising a second fid interior to said first lid. 
„ The apparatus of claim 11, wherein the bottom portion of the housing is 
configured to coUect medical fluid that has passed though a perfused organ to form an organ 
bath, said apparatus fi^ercomprismg a charmel located ma top portion of me portable hous^^ 
between said first lid and said second fid m wMch flmd overflow from the organ bath may be 
collected and detected. 
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,3 TheapparateofcIaimll.&Aercomprisingaportmsaid^Bimsdd 
^Morin^said^Udand^d^dHdorintheho^forob^fluidand 

tissue samples from the organ. 

M . Theapparamsofclaim 11. wherein said firs, lid andsatd second hd ate 

transparent. 

15 The apparatus of claim 1, further comprising: 

16 rneapparah.ofclaimlS.wheremsaid^blehousingrsn^vaWe^andtorn 
^antranspo . ^^^p^onofthehousurgrseonngured 

draining medical fluid ftom the organ bath. 

18 The apparatus of claim 1 5, wherein the bottom portion of the housing ts 

Tneappamtusofdaim 18, wherein said addinona! tubing has a filterattached 

mesh or porous material. 

M . Theapparatusof claim 1, wherein said organ supporting surface ts movable 

ftom said portable housing. 
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23 . The apparatus of claim 1 , wherein said organ supporting surface is configured to 
cr^eloutflowofmeorgantoaUowsamplingoftheoutflow. 
24 The apparatus of claims 

W hereinsaid organ supporting surface is configured to be raised ^ 
housing and within the organ bath. 

25. The apparatus of claim 1, wherein said organ supporting surface or said housing 
further comprise a tube that is attachable to perfused vasculature of the organ. 

26. The apparatus of claim 25, wherein said tube comprises a clamp to secure said 
tube around the perfused vasculature. 

27 The apparatus of claim 25, wherein said tube comprises additional branching 
sections for attachment to accessory vasculatures. 

28 The apparatus of claim 26, wherein said clamp comprises a mechanism that 
provides control of thepressure that the clamp exerts on the perfused vasculature to avoid 
damage to the vasculature and to provide leak-tight perfusion of the organ. 

29 . The apparatus of claim 25, wherein said tube comprises a vent to remove air from 

the tube. 

30 The apparatus of claim 25, wherein said organ supporting surface or said housing 
comprisesdetents, tracks or grooves that interact wim a protmding region of said tube to allow 
said cannula to be secured at various positions on the detents, tracks or grooves of the organ 

supporting surface or the housing. 

31. The apparatus of claim 25, wherein said organ supporting surface further 
comprises straps or belts to secure the organ to the organ supporting surface. 

32 The apparatus of claim 1, wherein said portable housing associated with an 
imaging device to record the status or progr^sofme organ and/or organ refusion. 

33 The apparatus of claim 1, wherein said apparatus includes at least one of a bar 
code, magnetic tag, radio frequency tag, ^ 

least one of the location and identity of the apparatus. 
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34 ^eapparateofclaiml.wheremtheportablehousingiscOTiiguiedtobe 
^ivedbyatlea^.^ofanorgan^ondevioe.mcrgan^rtoaodancrgan 

diagnostic device. 

3 5 The apparatus of claim 1 , wherein the portable housing is configured to be 
^ivedbyanorganperfosionde^^ 

36. The apparatus of claim 1 , wherein the portable housing further comprises a 

closeable air vent. 

37. A saleable kit, comprising: 
a portable housing; 

ao organ supporting surface configured to support an organ fallowing effluent 
* .eastone of an organ perfusion device, an 0IgM transporter and an organ diagrK-soc dev,oe 

tubing conneotable to the organ to allow perfusion of the organ; and 

at ,east one connection deviee configured to allow connection of the tubing to at least one 

38 The kit of claim 37, wherein the housing further comprises at least one lid. 
39 . The»ofclato38,wheretaatleastoneofs^ 

one lid are transparent. 

40 TheldtofclaimST.wheremthep^rtablehousmgisconfiguredtote 

41 Thefctofclata37,wheremtheportab^^ 
^organp^ondevice.anorgantranspmeranda^ 

42 . The kit of claim 37, wherein the portable housing further comprises a closeable m 

vent 

43 The kit of claim 37, wherein the kit is sterilized. 

44. Apparatus for holding an organ for at least one of perfusion, storage, diagnosis 
and transport of the organ, comprising: 
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a portable housing; 

al.o^g^.medicalfluid^p^.hereteou^wtointepcr.ab.eho^Uoonfi^ 
tob ereeeived by at .east or* of an organ jsrtaon device, an organ transporter and anorgan 

bath. 

45 The apparatus of claim 44, further comprising a first cover. 

46 The apparatus of claim 45, wherein said first cover is removable. 

47 . Theapparatusofclaim4^^ 
housing by a hinge. 

48 . The apparatus of data 45, further comprising a second cover mtenor to satd first 

49 Ttow ^rfdto«.WI««»I^»«l^^ ta »«^ 

from the organ bath may be collected and detected. 

5„ The appamtus of claim 48, further comprising a port in satd tost cover, m sard 

samples from the organ. 

51. Tteappantotfcto^ 



52 The apparatus of claim 44, wherein said organ supporting surface is at least 
papally perforated to prevent organ debris of at leaS t 15 microns in diameter from flowing 
therethrough. ^ ^ ^ ^ ^ ^ ^ . g tQ 

char.elvenousoutflowofmeorgantoaUowsamplmgofmevenou^ 

54 The apparatus of claim 44, wherein said organ supporting surface » configured to 



be 



raised and lowered within the portable housing and within the organ b 
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55. The apparatus of claim 44, wherein said organ supporting surface or said housing 
further comprise a cannula that is attachable to a perfused artery of the organ. 

56. The apparatus of claim 55, wherein said cannula comprises a cannula clamp to 
secure said cannula around the perfused artery. 

57. The apparatus of claim 55, wherein said cannula comprises additional branching 
sections for attachment to accessory arteries. 

58 The apparatus of claim 55, wherein said cannula clamp comprises a tightening 
mechanism that provides control of the pressure that me carmma clamp exerts on me perfused 
artery to avoid damage to the artery and to provide leak-tight perfusion of the organ. 

59. The apparatus of claim 56, wherein said cannula comprises a vent to remove air 
from the cannula. 

60. The apparatus of claim 55, wherein said organ supporting surface or said housing 
comprises Stents, tracks or grooves that interact with a protruding region of said cannula to 
allow said cannula to be secured at various positions on the detents, tracks or grooves of the 
organ supporting surface or the housing. 

61 The apparatus of claim 55, wherein said organ supporting surface further 
comprises straps or belts to secure the organ to the organ supporting surface. 

62. The apparatus of claim 14, wherein said portable housing associated with a video 
camera or still camera to record the status or progress of the organ and/or organ perfusion. 

63 The apparatus of claim 14, wherein said apparatus includes at least one of a bar 
code, magnetic tag, radio frequency tag, transmitter or global positioning system to monitor the 
location and identity of the apparatus. 

64. The apparatus of claim 44, wherein the portable housing is configured to be 
received by at least two of an organ perfusion device, an organ transporter and an organ 
diagnostic device. 

65. The apparatus of claim 44, wherein the portable housing is configured to be 
received by an organ perfusion device, an organ transporter and an organ diagnostic device. 

66. The apparatus of claim 44, wherein the portable housing further comprises a 

closeable air vent. 

67. The apparatus of claim 44, further comprising: 
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Wb^comectabletotheorgantoaUowpertasionoftheorgwand 
^^oneconnec.iondeviceooafig^.oaUowconnecaoaoftot.biBg^t.bu.gofat 

o^^eraodorgandiagaosdcdevice^thoutop^said^b.ehou^ 

69 Ueappar^ofclaimS^^erocmprisinga^orremovab.eplug 

70 . TO ea^ofc 1 a im 67 ;f ^co m pn sta gaddi ti onal« 1 b ta gfor I en,ov^ 

medical fluid from the organ bath. 

71 ^eapparatusofc.ain.TO.whereinsaidaddWona.^ghasafil.er^ed 

^prevent o^ debris of at . east ,0«, 15^ u. diameter fto ffi en^^e 

to at least one of a kidney, heart and liver, 
draining medical fluid from the organ bath. 
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go. A method of controlling perfusion of at least one organ with medical fluid, 

comprising one or more of: 

inputting organ data; 

selecting one or more types of perfusion modes; 

selecting a type of flow control for each selected perfusion mode; 

controlling flow of the medical fluid based on the selected perfusion mode and 



detecting operating conditions experienced by me medic^ fluid and organ during 



flow control 

perfuse comp ^ gdet ^ tedo ^^^ 

generatmgasignalm^ 

generatingamessage relating to organ viability based on the signal generated by 

the comparator and/or making automatic adjustments to regulate viability. 

81 ThememodofclaimSO^here^ 
selectmgb.tweenaerobicandanaerobicperfusionfo^ 

82 The method of claim 80, wherein selecting one or more types of perfusion modes 

mcludes select^ 

normothermic and hypothermic perfusion. 

83 . The method of claim 80, wherein selecting one or more types of perfusion modes 
includes selecting a plurality of medical fluids at different temperatures. 

84 The method of claim 80, wherein selecting one or more types of perfusion modes 

deludes select 
perfusion. 

85 The method of claim 80, wherein selecting a type of flow control includes 
selecting flow control based on at least one of perfusate flow mte, perfusate P H, organ 
pressure and timed sequences. 

86. The method of claim 80, wherein detecting operating conditions includes 
detecting pressure, pH, and oxygen levels. 

87 . The method of claim 80, further comprising controlling temperature of at least 
one of the perfusate and the organ with a thermal controller. 
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«™oerature of at least one of te organ oontatoer m d a pcrftsate ^oto. 

T to ^ rf «*«.«^^»'-^ rf * , ---- , *- , * ,, • 

R The method of claim 80, wherein inputting organ da* includes inputtmg data 
relating to organ type and organ mass. 

„ Arecordirsmemumu^sfcresacontrolpr^ 

for one or more of: 

inputting organ data; 

selecting one or more types of perfusion modes; 

selecting a type of flow control for each selected perfusion mode; and 

controlling flow of the medical fluid based on me selected perfusion mode and 

flow control; 



perfusion; 



comparing detected operating conditions with prestored operating conditions and 

94 The recording medium of claim 93, wherein selecting a type of flow control 

perfusionmodesindudesselectinga, .east one of hyp^ennic perfusion, normothermre 
perfusion, and sequential nonnothermic and hypothermic perfusion. 
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96 The recording medium of claim 93, wherein selecting one or more types of 

97 The recording medium of claim 93, whereto selecting one or more types of 

and recirculation perfusion. 

98 The recording medium of claim 93, wherein selecting a type of flow control 

includes ^^c^^ca^^P^^^V^^^ 

inlet pressure and timed sequences. 

99. The recording medium of claim 93, wherein detecting operating conditions 
includes detecting pressure, P H, and oxygen levels. 

100 . The recording medium of claim 93 , further comprising controlling temperature of 
at least one 'of the perfusate and the organ with a thermal controller. 

101 Therecordrngmertumofcl^^ 
regmati.gtempe.tureofatleastoneofmeorgancontam. 

102 Therecordmgmedium of claim 100, furmer serving a temperature of at least one 

the thermal controller. 

1 0 3 The recording medium of claim 93, further comprising setting default settmgs 

^cna^1 W -to«^^ rf ^ P ^^^^ luralitv 

104 . The recording medium of claim 93, including controlling perfusion to a plurality 

of organs. , 

105 . The recording medium of claim 93, wherein inputting organ data mcludes 

inputting data relating to organ type and organ mass. 

106. Ame thodofatleastoneofma^ 
organsubjectedtoaperiodofischenti a orhypoxia,comprising: 

at least one of perfusing and flushing said at least one organ with a first medical 
flmdatafirsthvpotherrmctempemturetoreduceorstopca^^ 

107. The method of claim 106, wherein said organ prior to said perfusing step is 
subjected to said period ofischemia or hypoxia without prior hypothermia. 
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108 r ^ m ^oni^m,^^^^^<'' a ^^ Kdmxsa,stops 

degradation and vascular permeability. 

109 The method of claim 106, comprising: 

flushing said at least one organ with a first medical fluid; and 
perfusing said at least one organ with a first medical fluid. 
110 . The method of claim 109, wherein said flushing is performed prior to said 

Themethodof claim 109, wherein said flushing is performed subsequent to said 
Tl2 Themethod of claim 106, wherem said fn^ medical fluid comprises at least one 
me mber selected ^^^^ 

decrease vascular permeability. ^ ., 

113 Thememodofclaiml06,wheremsaidorgani S connnuouslyperfu^ 

first medical fluid to ATP recovery over a period of time at said first hypothermic temperature 

whneminirmzmgcatabo^^^ 

114 . Themethod of claim 106, wherem me fn^ medical fluid is formulated to avord 

vascular endothelial damage of the organ. 

115 . The method of claim 106, wherein the first medical fluid compnses at least one 

marker for viability measurement 

„ 6 . TT.eme.hod of claim 106, herein the first medical fluid compnses an ant.ox.dan. 

fha. provides effective buffering activity. 

u7 The method of claim 106,vAeretomefn^ternperature.s2-10»C. 

mefirst^pcrannc^mmmerangeofahoutStoatouteOrmnHg. 

119 . Thememodofclaim 106, wherein meorgan is perfused continuously at the first 
temperature within the range of about 5 to about 60 mmHg. 

^^^^^^^^^^^^ 
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121 The method of claim 106, further comprising monitoring the viability of the organ 

during said perfusing step. 

122 The method of claim 121, wherein the viability of the organ is monitored by a 
sensor that senses fluid characteristics indicative of organ viabihty and at least one of displays 
sensed data and relays sensed data to a microprocessor for assessment 

123 The method of claim 121, wherein vascular capillary bed conditions are 
monitored by a sensor that senses fluid characteristics indicative of vascular capillary bed 
conditions and at least one of displays sensed data and relays sensed data to a microprocessor for 



m m The method of claim 106, comprising perfusing more than one organ. 
12s" The method of claim 124, wherein each organ is perfused at the first temperature 
with the first medical fluid utilizing a pneumatically pressurized medical fluid reservoir 
controlled in response toapressure sensor disposed m tubing inserted into each organ. 

126 The method of claim 125, wherein each organ is perfused utilizing an individual 
pneumatically pressurized medical fluid reservoir controlled in response to a pressure sensor 
disposed in tubing inserted into each organ. 

127 The method of claim 106, further comprising collecting medical fluid that has 
passed through the organ in a separate organ bath for each organ, removing medical fluid from 
each organ bath, filtermg me medical fluid and r^ 

128 The method of claim 106, further comprising collecting medical fluid that has 
passed through the organ from each organ bath and sensing characteristics of the collected 
medical fluid indicative of organ viability to aUowadetermmationofwhemerthe viabflity of the 
organ has been at least one of sustained and restored. 

129 The method of claim 106, further comprising collecting medical fluid that has 
passed through the organ in each organ bath, filtering, degassing and oxygenating the medical 
fluid and then eimer returning the medical fluid to each organ bam or to a medical fluid reservo^ 
based on a sensed pH level of the medical fluid. 

130 . The method of claim 106, wherein the method further comprises switching the 
perfusion of the organ to a second medical fluid at a second temperature. 
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erfer afe radical scavenge, a pi^growmfeclor^ and ceUcult^ media. 

' m . Ttemethod of claim 130, therein the second medical fluid comprises at least one 
viability marker. 

133 The method of claim 106, wherein the method further comprises 
perfu^gmeorganwimasecondmedicalflmdata 

one of intermittently and continuously to perfuse the organ. 

134 The method of claim 133, wherein the second fluid contains an oxygen earner. 
135 . Themethodofcla^ 

carrying dissolved oxygen. 

X 36. The method of claim 1 35, wherein the second fluid contains at least one of 
antioxidants and free radical scavengers. 

137 . The method of claim 133, wherein the second temperature >s between about 10 

and about 24°C . , ...^ r ^ 

138 . The method of claim 133, fnrmer comprising monitoring the viability of the organ 

during perfusion at the second temperature. 

139 The method of claim 138, wherein the viability of each organ is monitored by a 
sensor that senses fluid characteristics mdicanveof at least one of organ viabihty and vascular 
capillary bed conditions, and at least one of displays sensed data and relays sensed data to a 
microprocessor for assessment 

140 . Thememodofclaiml33^ 
at a pressure within a range of approximately 40 to 1 00 mm Hg. 

141 TT>ememodofclaiml33,wh^^ 
^gapressurized medical fluid reservon configured to provide pressure no g^^^^ 

""^ The method of claim 133, wherein the organ is perfused with the second medical 
fluid at me secondtemperatureutilizm^ 

143 The method of claim 142,furmercomprismguti^^ 
stepping motor-activated cam valve provided for each orga. and controlled in response to the 
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^«^i*i*«-'*-**" , -'«''" d "' ,,w " 

pressure and put a pulse wave on the medical fluid. 

144 The method of claim 106, wherein the method comprises 

storing and transporting the organ. 

145 . The method of claim 144, further comprising transplanting the organ mto a 
raammal while the organ remains at the first temperature. 

146 Themetaiofclaiml06,furmerc^^ 
t^orungtbeorganinan organ cassette after perfusion of.be organ, the organ cassette 
Mudingaporutblehousingandanorgan supporting surface configured to support an organ 
wMeaJlowmgeffluentmedical fluid to pass fteremrough.te portable housing includmg 

147 The method of claim 106, further comprising at least one of stonng and 

The method of claim 1 06, wherein the organ is perfused wrth a medrclflmd that 



148. 



contains little or no oxygen. 

,49 Ttem^oU\^US,*^te™^^^^°^ W *°' BO 

agentsthatdecreasevascularpermeabUity. ..,„■* 
1S0 TtoB ^rfd^l4«,i^1ta^hp^^^»- ta,,ta,d 

tetconUunshmeornooxygenatatemF^ 

15, Themethod ofclaim 148, wherein the organ is disposed in at least one of a 
portable con^iner, which is capable of n^^meorgarratatemperamreofatmostlO-C, 

OXy8eI1 152 The method of claim 106, further comprising prior to perfusing the at least one 

organwrfcthefu^memcdflmdatmefn*^ 

temperature. 
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153 The method of claim 106, comprising placing the organ in a portable container, 
wnichiscapableofmamtaining^e organ at a temperature ofat most 10°C, to at least one of 

store and transport the organ. 

154 . The method of claim 1 06, comprising placing the organ ma portable perfusion 
umttoatleastoneofstoreandtnmsporttheorgan. 

155 . The method of claim 106, comprising placing the organ in a disposable cassette to 
at least one of store and transport the organ. 

156 The method of claim 106, wherein the organ is disposed in at least one of a 
portable container, which is capable ofmamtaining the organ at a temperature of at most 10°C, 
a.dadisposablec^etteduringperfusionof^ 
temperature. 

157 . A method of at least one of mamtaining and restoring the viability of at least one 
organ subjected to aperiod of ischemia or hypoxia, comprising: 

perfemgsaidatlea^ 
reduce or stop catabolic changes in the organ; and 

perfusing the organ with a second medical fluid at a second temperature to at least 

oneofstoreandtransporttheorgan. 

! 58 The method of claim 1 57, wherein the first medical fluid is a crystalloid solution 
and me second fluid contains an oxygen carrier. 

! 59 The method of claim 1 58, wherein the first medical fluid is a simple crystalloid 
solution augmented with antioxidants and the second flmd is an oxygenated hemoglobm-based 

"^IdO. The method of claim 157, wherein the first temperature is 4-10°C and the second 

temperature is at most 10-24°C. 

161 The method of claim 157, further comprising monitoring the viability of the organ 
during perfusion ofthe organ with me first me mcal flmd at me first temped and during 
perfusion oftheorg^ with the second medical fluid at the second temperature. 
162. A method of perfusing an organ, comprising: 

perfusing said organ utilizing at least one medical fluid reservoir in 
communication withapressure source and a fluid pamway connected to the reservoir and 
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eomprises a cuff disposed around the container. 

163. The method of claim 162, wherein the pressure source is incapable of provrdrng a 

pressure exceeding 65 mm Hg. 

164 A method of perfusing an organ, comprising: 

perfusing an organ utilizing at least one medical fluid reservoir, a fluid pathway 
connected* me reservoir and electable to the organ and a variable valve disposed on the flmd 
pathway, wherein the perfusion pressure is controlled at least in part by the variable valve. 

1 65 The method of claim 1 64, wherein the variable valve is selected from the group 

valve. 

166 A method of perfusing an organ, comprising: 

perfusing an organ utilizing at least one medical fluid reservok m communication with a 
pressure head tank and a fluid pathway connected to the pressure head tank and to the organ, 
wherein the pressurehead tank and pathway are cordlgured to perfuse me organ at a perfuse 
pressure controlled at least in part by the pressure head. 

167. A method of perfusing an organ, comprising: 

perfusing an organ with a medical fluid; 

collecting medical fluidthat has passed at least one of into, through and out of the organ; 
passing the collected medical fluid through a sensor that senses fluid characteristics 

indicative of organ viability; and 

deternuning whether an organ remains viable based on said sensed fluid charactenshes. 

168. The method of claim 167, wherein the sensed fluid characteristics include pH, 
p0 2 pC0 2 , LDH, T/GST, Tprotein and fluorescent tagged copolymer. 

169 The method of claim 167, further comprising recording and/or transmitting to a 
location different from the location of the organ said sensed flmd clxaracteristics to allow 
monitoring of the organ's viability. 

170. A method of transporting and storing an organ, comprising, in sequence: 
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a . perfusing said organ at a mild hypothermic temperature to repair damage 

from warm ischemia; 

b . perfusing said organ at a hypothermic temperature, such as a temperature 

less than said mild hypothermic temperature of said step a; 

c at least one of transporting and storing said organ at a mild hypothermic 
temperature, such as a temperature greater than sdd hyp^mennic temperature of said step b; and 
d . perfusing said organ at a mild hypothermic temperature to repair damage 
from the hypothermic transport or storage of step c. 

171 The method of claim 201, wherein said mild hypothermic perfusing steps a and d 
a.eperformedvdmanoxygemtedperfosionfluidand^ 
performed with a non-oxygenated perfusion fluid. 

172. The method of claim 201, wherein step c comprises transporting said organ, and 

said method further comprises: 

e . perfusing said organ at a hypothermic temperature after step d. 

173. The method of claim 203, further comprising: 

f . storing said organ at a hypothermic temperature after step e. 

174 The method of claim 203, further comprising transplanting said organ after step e. 

175 . The method of claim 201, wherein step c comprises transporting said organ to a 
storage facility, and said method further comprises: 

e. perfusing said organ at a hypothermic temperature and storing said organ 
at a hypothermic temperature at said storage facility after step d. 

176 The method of claim 206, further comprising: 

f. perfusing said organ at a normothermic temperature to repair damage from 

the hypothermic storage of step e; 

g . perfusing said organ at a hypothermic temperature; and 

h . transporting said organ to a transplant facility at a hypothermic 

temperature. , 

177. The method of claim 207, further comprising transplanting said organ after step h. 

178. The method of claim 207, further comprising: 



70 



PCTAJSOl/26591 

WO 02/26034 

f. perfusing said organ at a normothennic temperature to repair damage from 

the hypothermic transport of step h; 

g . perfusing said organ at a hypothermic temperature; and 

h. transplanting said organ. 

179. Apparatus for perfusing at least one organ, comprising: 
at least one medical fluid reservoir; 

a fluid pathway connected to the reservoir and connectable to the organ; 
afirst heat exchanger in heat exchange consumption wim ^ 

and . , 

acontroller for controlling the first heat exchanger to allow perfusion of the organ with 

med ical fluid at a first hypothermic temperature and a second h^^^ 
than said first hypothermic temperature. 

1 80 A perfusion solution kit, comprising a saleable package containing at least one 
first contamerholdingafirst perfusion solution for hypothermic perfu^ ^ 
andatleastonese^ndcon^^ 

perfusion at a second temperature lower than said first temperature. 

181. The kit of claim 1 80 wherein said first perfusion solution contains at least a 



crystalloid 
182 



The kit of claim 1801, wherein said first perfusion solution is crystalloid and said 
second perfusion solution is oxygen carrier enhanced. 

183. The kit of claim 182, wherein said oxygen carrier is selected from the group 
consisting of a hemoglobin and stabilized red blood cells. 

184. Thekitofclaim 182, wherein said oxygen carrier is a hemoglobin. 

185 . The kit of claim 180, wherein said second perfusion solution contains at least one 
antioxidant or free radical scavenger. 

186. The kit of claim 180, wherein said solution contains no more than 5 mM of 

dissolved pyruvate salt 

187. The kit of claim 180, wherein said first perfusion solution contains at least one 

vasodilator. 
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188 The kit of claim 180, wherein said first container and said second container are 

configuredtobeo^ 
cornmumcauonwithpe^ 

189 The kit of claim 188, wherein at least one of said first container and said second 

contameriscom^ A 

190 The kit of claim 188, wherein at least one of said first container and ud second 
container includes a first opening for passage of a eontamed perfusion solution out of said 

conta^andaseomdop^ 

! 91 The kit of claim 1 88, wherein said package is a cassette configured to be operably 

connectedtoaperfos^ 

withmsaidcassettemflddcommumcanonwimp^^ 

192 The method of claim 80, wherein the medical fluid is blood. 

1 93 . A control system for controlling perfusion to at least one organ with a medical 

fluid to maintain viability of the at least one organ, comprising: 
at least one of 

an input for inputting organ data; 

a perfusion selector for selecting one or more types of perfusion modes; 
acontrol selector for selecting a type of control for each selected perfusion mode; 
and a controller for controlling flow of the medical fluid based on the selected 
perfusion mode and flow control; 

at least one detector for detecting operating conditions expenenced by the medical 

fluid and organ during perfusion; 

a comparator for comparing detected operating conditions with prestored 
operating conditions and generating a signal indicative of organ viability based on the 

comparison; and 

an indicator for generating a message relating to organ ^ability based on the 
signal generated by the comparator and/or automatically regulating viability. 

194. A portable transporter for holding a portable housing, comprising: 

a base portion configured to facilitate an upright position of the transporter; 

a top portion; 
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a pump; 

a power supply; and 

a compartment for holding a portable housing, wherein the 
the portable housing is configured to contain at least one organ. 

195 The transporter of claim 194, further comprising a tube set 

196. The transporter of claim 194, further comprising a latch to secure the top portion 

to the bottom portion. 

197. The transporter of claim 194, further comprising at least one latch to secure the 

top portion with the base portion. 

198. A transporter of claim 194 further comprising at least one of a shoulder strap and 
wheels to facilitate transportation. 

199. The transporter of claim 194, further comprising a control panel, 
wherein the control panel displays characteristics of the transporter. 

200. The transporter of claim 1 99, wherein the characteristics are at least one of 
infusion pressure, power on/off, error condition, flow rate, flow resistance, infusion temperature, 
bath temperature, pumping time, batter charge, temperature profile, status of the top portion, and 
history log or graph. 

201. The transporter of claim 194, wherein at least a portion of the top portion is 
optically clear. 

202. The transporter of claim 1 94, further comprising a sensor that monitors an open or 

closed status of the top portion. 

203. The transporter of claim 1 94, wherein an exterior of the top and bottom portions 

has a varying outer thickness. 

204. The transporter of claim 194, wherein said transporter includes at least one of a 
bar code, magnetic tag, radio frequency tag, transmitter or global positioning system to monitor 
at least one of the location and identity of the transporter. 

205. The transporter of claim 194, wherem me trar^orter is corn^gured for wired 
wireless communication during transportation. 

206. The transporter of claim 194, wherein the transporter is configured to provide 
hypothermic perfusion to at least one organ. 
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207. The transporter of claim 206, further comprising means for controlling 
temperature of at least one of the perfusate and the at least one organ with a coolant and a 
thermal controller. 

208. The transporter of claim 207, wherein the means for controlling the temperature 
includes means for regulating temperature of at least one of the organ container and a perfusate 
reservoir. 

209. The transporter of claim 208, further comprising means for sensing a temperature 
of at least one of an organ, an organ container, and a perfusate reservoir and outputting 
temperature readings to the thermal controller. 

210. The transporter of claim 209, further comprising default settings based on organ 
type for use in the steps of selecting perfusion mode and flow control. 

2U. The transporter of claim 210, including means for controlling perfusion to a 
plurality of organs. 

212. The transporter of claim 207, wherein the temperature is within the range of -25 to 

60°C. 

213 The transporter of claim 194, wherein a default system of the transporter provides 
cold storage upon failure of the power supply. 

214. The transporter of claim 194, wherein a flow rate of the pump is controlled by a 
computer or microcontroller. 

215. The transporter of claim 214, further comprising a pressure transducer to monitor 

the pressure of the pump. 

216. The transporter of claim 207, further comprising an optically clear region of the 

transporter for viewing the level of coolant 

217. The transporter of claim 207, further comprising a monitor to automatically 
monitor and control the level of coolant. 

218. The transporter of claim 207, wherein the coolant lasts for a minimum of 6 to 12 

hours. 

219. The transporter of claim 21 8 wherein the coolant last for 30 to 50 hours 

220. The transporter of claim 219, wherein the coolant can be replaced without 
stopping the perfusion. 
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22 1 . The transporter of claim 207, further comprising a watertight compartment to hold 
the coolant. 

222. The transporter of claim 194 wherein the housing can be mated with the 
transporter without opening the portable housing. 

223. The transporter of claim 194, wherem the trai^sporter defaults to «)ld stoi^ge upon 

failure of the power supply. 

224. The transporter of claim 194, wherein the pump is a roller pump. 

225. The transporter of claim 194, farther comprising a monitor to continuously 

monitor the organ. 

226. The transporter of claim 225, further comprising a display. 

227. The transporter of claim 194 wherein the transporter is adapted to connect to a 

local area network. 

228. The transporter of claim 227, further comprising a modem. 

229. A method of controlling operation of a transporter, comprising: 

using a set of controls provided on the transporter to select an operation of the 

transporter; and 

displaying the operation selected; 

wherein the operation of the transporter is at least one of priming, washing, error 

handling, perfusing and idle. 

230. The method of claim 229, wherein the controls are manually manually operated. 
331. The method of claim 230, the controls include at least one of abutton, a knob, a 

dial, and wireless receiver. 

232. The method according to claim 229, wherein the controls are automatically 

:d. 

233. The method of claim 232, wherein automatic operations are controlled by a 
monitor within the transporter. 

234. The method of claim 229, wherein the operation selected is displayed on a control 

panel. 

235. Apparatus for holding an organ for at least one of perfusion, storage, assessment 
and transport of the organ, comprising: 
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a portable housing; 
a pump ; 

a pulse controller, and 

an organ supporting surface configured to support an organ within said housing, wherein 
said pump and pulse controller receive atleast one of, flow data, tachometer data and pressure 
data from a pressure sensor and converts the data into an output to drive the pump. 

236. The apparatus of claim 235, wherein the pump and pulse controller reduces 
pressure pulse waves from the perfusate flow. 

237. The apparatus of claim 236, wherein the pump and pulse controller maintains a 
constant pressure wave in said tubing and/or organ. 

238. The apparatus of claim 236, wherein the pump and pulse controller synthesize a 
prescribed pressure wave to be conveyed into said organ. 

239. Apparatus for holding an organ for at least one of perfusion, storage, diagnosis 
and transport of the organ, comprising: 

a portable housing; 
a pump; and 

an organ supporting surface configured to support an organ within said housing, wherein 
the pump is connected to at least one tube directed to a first area of the organ and the pump is 
connected to at least one other tube directed to a second area of the organ. 

240. The apparatus of claim 239, wherein the number of tubes directed to the first area 
of the organ differs from the number of tubes directed to the second area of the organ. 

241 The apparatus of claim 239, wherein one side of the portable housing comprises 
one or moreof afilter, bubble trap, pressure transducer, tem^rature transducer and a flow sensor 
and wherein another side of the portable housing comprises one or more of a filter, bubble trap, 
pressure transducer, temperature transducer and a flow sensor. 

242. An organ assessment system, comprising: 

an organ support and at least one organ parameter sensor; 
an organ perfusing apparatus, wherein the system is adapted to assess the organ 
parameters while maintaining the status of the organ during such assessment 

243. A method of assessing an organ comprising: 
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holding an organ; 

sensing an organ parameter, and 

diagnosing the organ during a time the organ is held. 

244. An organ assessment system comprising: 

a computer; 

an analyzer; 

an organ evaluation instrument in wired or wireless communication with the 
computer and the analyzer; 

a perfusate chamber; and 

an organ chamber configured to receive an organ. 

245. The system of claim 244, further comprising a display for providing the status of 

the system and an organ. 

246. The system of claim 244, wherein the organ chamber is insulated. 

247. The system of claim 244, wherein the organ chamber further comprises a lid. 

248. A method of analyzing the viability of an organ comprising: 
detecting organ parameters; 

compiling the organ parameters; and 

producing an index of viability of the organ based on the compiled organ 

parameters. 

249. A method of improving an organ or a tissue, comprising: 
removing the organ or tissue from a body; 
enhancing the organ or tissue; and 

implanting the enhanced organ or tissue into a body. 

250. The method of claim 249, comprising removing the organ from a first body and 
implanting the organ into a second body. 

251 The method of claim 249, comprising removing the organ from a first body and 
implanting the organ into the same body. 

252. The method of claim 250, wherein the enhancing comprises applying radiation or 

chemotherapy to the organ or tissue. 
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253. Tton^at^W^*-^" 1 *"'*"** 1 *"" 

chemical compound to the organ or tissue. 

254 ThemeUKdofciahn^S.vAeremdeUve^g^chenncalcompou^.nciu^ 

and antioxidants. . 

255. Themeihodofclatamvvheremtheorganortissue.ssubjeotedtosa.d 

enhancing for multiple weeks. 

256 . Tie memod of claim 249, therein the enhancing composes repamng warm 



257. ^^^249,^^^^^^^^^^ 

258 The method of claim 249, wherein the enhancing comprises surgery. 
259. T^^0f^249,v,^^<^^^^^° mb0lyaC 
treatment. . . . .. 

treatment. . . 

261. Amemodofdetenninm g vi a biUtyof a tleastoneorgan,compmmg: 

flushing the at least one organ; 

storingthe at least one organ in at least one transporter at cold temperatures; 
assessing viability of the at least one organ; and 
transporting viable organs to implant sites. 

262. Ap^f**^"^**™™* 11 "^^ 

and transport of the organ, comprising: 

a portable housing; . 

ojt^andanorganassessmentde^ce.a^htciudesopemng^ .counted* ,aHow 

housing is liquid-tight; and 

a first Ud and a second Ud for the housing. 



78 



WO 02/26034 



PCT/US01/26591 



263. An apparatus according to claim 262, wherein an area between the first and 
second lid defines an overflow channel. 

264. Apparatus for holding an organ for at least one of perfusion, storage, j 
and transport of the organ, comprising: 

a portable housing defining an overflow trough; 

an organ supporting surface configured to support an organ within said housing, wherein 
the portable housing is configured to be received by at least one of an organ perfusion device, an 
organ transporter and an organ assessment device, and includes openings configured to allow 
tubing to pass therethrough and be connected to the organ, and wherein a bottom portion of the 
housing is liquid-tight 

265 . Apparatus for holding an organ for at least one of perfusion, storage, assessment 

and transport of the organ, comprising: 
a portable housing; 

an organ supporting surface configured to support an organ within said housing, wherein 
the portable housing is configured to be received by at least one of an organ perfusion device, an 
organ transporter and an organ assessment device, and includes openings configured to allow 
tubing to pass therethrough and be connected to the organ, and wherein a bottom portion of the 
housing is liquid-tight; and 

a first lid and a second lid, wherein at least one said lid includes a biopsy port.~ 

266. A method of remotely monitoring an organ, comprising: 

remotely monitoring information relating to the organ during transportation and storage 
of the organ. 

267. A method according to claim 266, wherein said monitoring comprises monitoring 
at least one of the location and viability parameters of the organ. 

268. A method according to claim 267, wherein the remote monitoring is performed by 
a system connected to a computer network. 

269. A method according to claim 268, further comprising transmitting said 
information to a prospective recipient of said organ. 

270. A method according to claim 266, wherein said monitoring is continuous during 
transportation of said organ. 
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271. Atransporterfo^ 

device. . 

272. Atrar^rteraccorciingtoclaim271, wherein the transporter includes a global 

positioning system operably connected to said transmission device. 

273. The transporter according to claim 271, further comprising an organ parameter 
sensor operably connected to said transmission device. 

274. The transporter according to claim 27 1 , wherein the transmission device transmits 
data from the transporter to a remote location. 

275 . The transporter according to claim 274, wherein the data is at least one of video 

and picture image data. 

276. An organ transportation device comprising: 
a transporter and a portable housing, 

wherein the portable housing and transporter fit securely together to provide high 
efficiency heat transfer. 

277. A kit comprising: 

a saleable package containing a set of tubes, wherein the set of tubes are 
configured to connect an organ to an organ perfusion apparatus. 

278. Akit a ccordmgtoclaim27^ 
connecting a portable housing with an organ. 

279. Aldtaccordmgtoclaim278,whe^^ 
connecting the portable housing to the organ perfusion apparatus. 

280. A kit according to claim 277, further comprising an organ support configured to 
securely hold the organ while the tubes are connected to the organ. 

281. Apparatus for holding an organ for at least one of perfusion, storage, diagnosis 
and transport of the organ, comprising: 

a portable housing; 

an organ supporting surface configured to support an organ within said housing, wherein 
the organ supporting surface is removable. 

282. The apparatus of claim 281, wherein the organ supporting surface is in the shape 

of a chair. 
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283. Apparatusforholdmganor^ 
assessment and transport of the organ, comprising: 
a portable housing; 

a signaling device incorporated with the portable housing to identify the housing. 
284 A portable organ transporter, comprising: 

a base portion configured to facilitate an upright position of the transporter, 

a top portion; 

a pump; 

a power supply; 

a compartment for holding a portable housing for an organ; and 
an additional compartment for holding a coolant. 
285 The portable transporter according to claim 284, wherein the coolant is ice. 

286. The portable transporter according to claim 284, wherein the coolant can be 
replaced without removing the portable housing from the transporter. 

287. A portable organ transporter, comprising: 

a base portion configured to facilitate an upright position of the transporter; 
a top portion; 

a pump for providing fluid flow to an organ; 
a power supply; 

a compartment for holding a portable housing for an organ; and 
a diverter system for diverting said fluid flow from said organ. 

288. A portable organ transporter according to clann 287, wherem the diverter system 
diverts the fluid flow during power failure or during a high pressure condition. 

289. A portable organ transporter according to claim 287 further comprising a bubble 
detector. 

290. A portable organ transporter, comprising: 

a base portion configured to facilitate an upright position of the transporter, 

a top portion; 

a pump; 

a power supply; 
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a compartment for holding a portable housing for an organ; and 
a tube set connectable to the portable housing. 

291. The portable transporter of claim 290, wherein the portable housing and tube set 
can be removed from the transporter without exposing the organ. 

292. A portable organ transporter, comprising: 

a base portion configured to facilitate an upright position of the transporter; 
a top portion; 
a pump; 

a power supply, wherein the power supply can be replaced without the transporter 

losing power. 

293 . A portable organ transporter, comprising: 

a base portion configured to facilitate an upright position of the transporter; 
a top portion; 

a pump for providing fluid flow to an organ; 

a power supply; and 

a compartment for holding accessories. 

294. The portable organ transporter according to claim 293, wherein the compartment 
is configured to hold medical charts. 

295. Apparatus for holding an organ for at least one of perfusion, storage, assessment 
and transport of the organ, comprising: 

a sensor to detect the presence of a portable housing for an organ in the apparatus. 

296. An apparatus of claim 295, wherein said apparatus is an organ transporter. 

297. A method of analyzing factors involved in organ transplantation or implantation, 
comprising: 

comparing outcomes of organs transplants in recipients, and comparing organ 
history during transport and/or storage. 

298. All methods, apparatus and products, and sub-steps and sub-portions thereof, 
individually and in combination, as shown and/or described herein. 
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